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Office of the Minister of Mines, 

Pretoria, 15th July, 1907. 

Sir, 

I have the honour to forward herewith the Annual Report of the Director of the Geological 
Survey for the year ending the 31st December, 1906. 

As the cold and dry season is that most suitable for field work, these reports are made for the 
calendar year, rather than for the financial year. The indoor work in connection with the reports 
thus falls in the months January to May, when the field work can most advantageously be suspended. 

The scheme of work, which is here reported on, was that sanctioned in January, 1906, by the 
Acting Commissioner of Mines, and forms part of the general scheme which has been adopted for the 
geological mapping of the Colony. 

The staff during the year reported on consisted of the following officers : — 

Director H. Kynaston. 

E. T. Mellor. 



Geologists 

Curator and Librarian 
Chief Clerk 
Draughtsman . . 
Curator's Assistant 



A. L. Hall. 

W. A. Humphrey. 

S. M. TWEDDILL. 

P. M. O'Connor. 

F. A. Steart. 

C. C. Gardthausen. 



The Director was absent on vacation leave from the end of April until early in November, 
Mr. E. T. Mellor being appointed Acting Director in his place. On the Director's return to duty, 
Mr. A. L. Hall was absent on vacation leave during the remaining two months. 

It will be seen that the total area completed amounts to 4,963 square miles surveyed and 4,798 
miles of boundary lines traced, as compared with 3,777 ^^^ 2,606 for the previous twelve months. 
The cost of this service for the period mentioned was as follows : — 

Salaries and Allowances . . . . . . . . . . ;f5,032 13 8 

Transport and Subsistence . . . . . . 946 12 2 

Public Works Department — Heavy Transport . . 514 15 11 

Museum and Laboratory and Miscellaneous Expenses . . 5o 6 9 

;£6,544 8 6 



I have the honour to be, 

Sir, 
Your obedient Servant, 



H. WARINGTON SMYTH, 

Secretary for Mines. 



To the Honourable 

The Minister of Mines. 



(iKOLCXiKAL SUKVHY OfFICK, 

Pretoria, ist July, 1907. 

Sir, 

I have the honour to submit herewith the Ke[)ort of the (ieological Survey for the year ending 
3i8t December, 1906. 

It comprises a general report of the work accomphshed, followed by the more detailed and 
special reports of the field officers on the results of the geological investigation and mapping of the 
respective areas assigned to them. 



I am, Sir, 

Your obedient Servant, 



The Secretary, 

Mines Department, Pretoria. 



H. KYNASTON, 

Director of the Geological Survey 
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I.- DIRECTOR'S REPORT. 



Distribution of Field Work. 

The Index Map (Plate I.) which accompanies this Report indicates the distribution of field work 

tor "tlie year, together with the areas previously mapped since 1903. It will be seen that the work was 

distributed partly so as to complete the mapping of definite portions of the country, which are intended 

to t>e published in separate sheet maps, in accordance with the system described in the Annual 

I?.ep>ort for 1905, and partly so as to continue the mapping, already in progress, of other portions of 

llie country. 

With these objects in view the area included in the Middelburg Sheet was completed by Mr. 
E. T. Mellor, chiefly during the summer months, while the area lying to the north of the Pretoria Sheet 
and comprising the Pienaars River Sheet was completed during the winter by Dr. W. A. Humphrey. 

In addition to this, the mapping of the Lydenburg District was continued by Mr. A. L. Hall in 
a northerly direction as far as the Great Olifants River, so as to include the important mining area of 
Pilgrims Rest. A small portion of the Belfast Sheet, lying on either side of the Delagoa Bay Railway in the 
neiglnbourhood of Belfast, was mapped by Dr. Humphrey at the commencement of the year, and the 
sovitli-east comer of the Rustenburg Sheet, in continuation of the work already carried out to the west 
of I^retoria, was also completed by the same geologist during October and November. The southern 
portion of the granite area, between Pretoria and Johannesburg, was completed by the Director after 
l^is return from leave. 

In connection with the mapping of the northern portion of the Colony, a preliminary traverse 
^^ reconnaissance was carried out by Mr. Mellor during August and September in the south-eastern 
P^*"tion of the Zoutpansberg District, including Haenertsburg, Leydsdorp, and the Murchison Range. 

Field work was thus being carried on almost continuously from the beginning of February until 
ti>e end of January, 1907 ; a considerable extent of country was surveyed, the mapping was completed 
^^ o. connected manner, and maintained at a uniform standard. 



h 



General Review of Field Work. 

From a general review of the field work for the year it will be seen that satisfactory progress 

been made with the mapping, while considerable additions have been made to our knowledge of the 

^^ ^logical features of different parts of the country, both from an economic as well as from a scientific 

J^irxt of view. Thus, the Witbank Coal-field has been studied in detail by Mr. Mellor, and has formed 

1^^ subject of a special memoir, while the highly mineralised areas of Pilgrims Rest and the Murchison 

f^a^nge have been carefully examined by Mr. Hall and Mr. Mellor respectively. Mr. Hall has also 

iniv-estigated the magnesite deposits of Malelanc. It is evident, however, from the detailed reports of 

^*^^ Geologists, that the practical results of the field work include not only the elucidation of geological 

P^^V)lems connected with mining, but also various observations, made in the course of the mapping, 

^^rinected with the occurrence of useful minerals, the character of soils, the conditions and nature of the 

^'^ter supply, the occurrence of rock suitable for building purposes, etc. Moreover, from a geological 

point of view, our information regarding the Karroo, Waterberg, and Transvaal Systems has received 

important additions, while further evidence has been acquired relating to the behaviour and geological 

gelations of the so-called Older Granite, and of the schists and altered sedimentary rocks of the 

S^^^aziland System. 

A brief review of the work accomphshed in the different areas surveyed will afford a convenient 
summary of the principal results, both practical and scientific, obtained by the Geological Survey 
during the year. 



(i) Witwatersrand and Southern Portion of Pretoria District. 

The area, which is mainly occupied by the Older Granite between Pretoria and Johannesburg, 
already partly mapped during 1904 and 1905, was completed by the Director up to the base of the 
Lower Witwatersrand Series along the northern edge of the Rand. The mapping included approxi- 
mately 260 square miles of area, and the tracing of 138 miles of geological boundary lines. One of its 
chief objects was to make a special study of the granite margin, so as to obtain definite evidence as to 
its relations to the rocks of the Swaziland System, exposed to the north of Krugersdorp, and to the 

Lower Witwatersrand Series. 

•1 

With regard to the granite itself, a full description is given in the report upon this area of its 

principal varieties, and especially of the marginal modifications, dioritic and foliated in character, 

occurring along the southern and south-western boundary. 

Two additional, though small, patches of the Moodies Series, resembling that of Zwartkop, were 
mapped, together with an associated series of basic schists and serpentines, which are chiefly developed 
as a well defined belt, contiguous to the northern edge of the West Rand, where they pass beneath the 
base of the Witwatersrand Series. These basic rocks, together with the Moodies Series, which consists 
entirely of sedimentary rocks, are included in the Swaziland System, and are both shown to be 
older than the granite, thus confirming Mr. Hall's conclusion with regard to the Moodies Series on 
Zwartkop, mapped during 1905. 

With regard to the relations between the gianite and the Witwatersrand Series, an interesting 
section was found between Orange Grove and Bedford Farm, which shows a remarkably clear contact 
between the two rocks. The evidence here available points decidedly to the fact that the granite is 
older than the Witwatersrand Series, which has been deposited upon it at a later period, while the marked 
shearing and crushing of the granite along the line of contact is apparently due to subsequent movements, 
which may very possibly have involved a certain amount of over-thrusting of the quartzites. It is 
interesting in this connection to note that the presence of a thrust-plane at the base of the quartzites 
was strongly advocated by Mr. Walcott Gibson in 1892 in his paper on the geology of the gold-bearing 
rocks of the Southern Transvaal, read before the Geological Society of London. 

The foliated appearance of the granite and basic rocks in other parts of the area is shown by 
the study of thin sections under the microscope to be mainly the result of shearing and crushing caused 
by differential movements, which also affected the older igneous and sedimentary rocks of the 
Swaziland System. 

(2) Middelburg District, 

The work in this district included the completion of the mapping of the Witbank Coal-field by Mr. 
Mellor, and the mapping by the same geologist of an interesting and larger area further east in the 
neighbourhood of the town of Middelburg. 

In the neighbourhood of Witbank 150 square miles south of the railway line were surveyed, and 
a detailed examination was made of the coal-measures and coal scams in all the mines working in the 
Witbank Coal-field. The results of this survey were published, together with those relating to the 
immediately adjoining areas, in the Report of the Geological Survey for 1905, as they arc more 
particularly connected with the work completed during that year. A fuller and more detailed account 
of the whole coal-field was also published in a special memoir, dealing with the geology of the Transvaal 
coal-measures, during 1906. The work included a careful comparison and correlation of the seams 
worked in the various mines, and the construction of a detailed section of the coal-measures as 
represented in the Witbank area, while the relationships of the coal-measures to the older underlying 
rocks were also fully worked out. The result of Mr. Mellor 's work in this area are of the greatest interest 
from a geological point of view, and it is scarcely necessary to point out the value and importance of 
such investigations to the coal mining industry of this Colony. 

The area completed in the neighbourhood of Middelburg comprised the mapping of 1,169 square 
miles of country and the tracing of 851 miles of geological boundary lines, involving traverses 
amounting to 1,636 miles. This included rocks belonging to the Karroo and Waterberg Systems, 
together with portions of the Red Granite of the Bushveld. 

Besides further adding to our knowledge of the coal-measures, this surv^ey yielded important 
results in connection with the geological structure of a considerable portion of the Middelburg District, 
more especially with relation to the behaviour and stratigraphy of the Waterberg System. This 



The district surveyed is well known as possessing some of the grandest scenery of the Transvaal, 
and affords an opportunity seldom equalled for the study of the relationships between physical features, 
geological structure, and denudation. 

To the south-west of this area a strip of country in the neighbourhood of Belfast, extending on 
both sides of the railway, and comprising about 470 square miles, was mapped early in the year by Dr. 
Humphrey. The upper portion of the Pretoria Series is here exposed, with cappings of rocks belonging 
to the Karroo System, the most noticeable feature of the former being the Witrand quartzites, which 
are the equivalent of the Magaliesberg quartzites of the Pretoria District. These appear to thicken 
considerably when followed northwards from the railway line, and to the south-west of DuUstroom 
are succeeded by a further development of quartzitic rocks. 

The Glacial Conglomerate forms the bulk of the Karroo rocks, which are exposed in the west 
and south-west of the area. Near Belfast it is immediately overlain by fine-grained sandstones, but in 
other localities it is usually succeeded by grits. 

With regard to the intrusive diabases, these all occur in the Pretoria Scries, and no evidence 
could be found which would indicate that any of them were of post- Karroo age. 

(4) North-W ester n Portion of Pretoria District. 

In connection with the completion of the Pienaars River Sheet, Dr. Humphrey mapped an area 
of 1,190 square miles on the east side of the Crocodile River and mainly in the north-west corner of the 
Pretoria District, but including also small portions of the Waterberg and Rustenburg Districts. 

The Red Granite of the Bushveld is the prevailing rock of this part of the country, and is 
occasionally capped by small patches of grits belonging to the Karroo System. The most interesting 
geological feature, however, of the area is the occurrence in its western portion of sedimcntiu"y rocks, 
belonging to the Transvaal System. The more extensive exposure of these includes dolomitic lime- 
stone, banded ferruginous shales, quartzites, and shales with intrusive diabase, and may be referred 
to the Dolomite and Pretoria Series. These rocks terminate abruptly against the granite along fault- 
planes. A series of quartzites and sandstones were also found, striking south-west from the western 
side of the Rooiberg, and ending abruptly against the fault-plane, which forms the northern boundary 
of the dolomite, quartzite, and shales, previously mentioned. Further investigation, however, is 
necessary before the position and structural peculiarities of these fomiations in this locality can be 
satisfactorily explained. They appear to extend further towards the north-west, and will probably be 
found to be connected with the outcrops of the Transvaal System, which have been noted further west 
by Mr. G. G. Holmes and Dr. Hatch. 

Dr. Humphrey also notes the occurrence in this area of specular iron-ore of good quality and 
massive haematite. 

(5) Area South-East of Rustenburg. 

In continuation of the Rustenburg Sheet and of the ground already completed west of Pretoria, 
an area of 386 square miles, including 760 miles of boundary lines, was mapped by Dr. Humphrey between 
Rustenburg and Krugersdorp. 

The Pretoria Series is here again mainly in evidence, and shows similar characters to those already 
noted in the area further east. Perhaps the most interesting feature observed was the folding, which 
occurs in the Magaliesberg quartzites at Olifants Poort, and which is apparently connected with a well- 
marked line of fault, which traverses the western part of the district in a general north and south 
direction. Another point of some interest is the highly metamorphosed condition of the sliales w^est 
of Hekpoort, a phenomenon which cannot be attributed to any of the diabase intrusions, as these are 
not developed to any very great extent in the immediate neighbourhood. It is possible, however, that 
it may be due to the presence of the Red Granite or some other igneous mass at no great distance 
beneath the surface. 

(6) Zoutpansberg. 

A preliminary traverse was undertaken by Mr. Mellor in the south-western i)ortion of the 
Zoutpansberg District in order to collect information on the geological features of the neighbourhood 
of Haenertsburg and the Murchison Range, a district of special interest from both practical and 
geological points of view. It was not possible to undertake systematic mapping on this occasion, chiefly 
owing to the limited time available for the excursion. Moreover, the highly complex character of the 



A Portion of the Lydenburg and Barberton Districts, including the area between Lydenburg 

and the Devil's Kantoor. 
A Portion of the Pretoria, Rustenburg, and Witwatersrand Districts. 
A Portion of the Middelburg District, including the Witbank Coal-field. 

2. Mefnoirs. — No. 2. "The Geology of the Komati Poort Coal-field." By H. Kynaston (Director), 
pp. 55. Illustrated with two maps, seven sections, and six photographic plates. 

No. 3. " The Geology of the Transvaal Coal-Measures, with special reference to the Witbank Coal- 
field." By E. T. Mellor, pp. 60. Illustrated by map, sections, and 14 photographic plates. 

(b) Uno^cial, 

The following unofficial contributions by members of the staff to scientific societies, etc., were 
published during the year : — 



H. Kynaston 



}) 



»> 



E. T. Mellor 



»f 



>> 



E. T. Mellor and 
T. N. LesHe 
A. I.. Hall and 
W. A. Humphrey 



" The Recent Work of the Transvaal Geological Survey." Rep. Brit. Assoc, for 

1905, p. 401 (abstract), and Addresses and Pap>ers read at the joint meeting 

of the British and South African Associations, Vol. II., pp. 81-87. 
*'The Geology of the Neighbourhood of Komati Poort." Trans. Geol. Soc.. S.A., 

Vol. IX., pp. 19-31. 
*' Note on the Work of the Transvaal Geological Survey." Trans. Geol. Soc., 

S.A., Vol. IX., pp. 32-33. 
" Evidences of Glacial Conditions in Permo-Carboniferous Times in tlie Transvaal." 

Rep. Brit. Assoc, for 1905, p. 407 (abstract), and Addresses and Papers 

read at joint meeting of British and South African Associations, Vol. II., 

pp. 19-22. 
" The Origin of Wash-Outs in Coal Mines, and their Relations to Other Features 

of the Transvaal Coal-Measures." Trans. Geol. Soc, S.A., Vol. IX., pp. 

74-81. 
" The Position of the Transvaal Coal-Measures in the Karroo Sequence." Trans. 

Geol. Soc., S.A., Vol. IX., pp. 97-110. 
" On a Fossil Forest, Recently Exposed in the Bed of the Vaal River at Vereenig- 

ing." Trans. Geol. Soc, S.A., Vol. IX., pp. 125-128. 
" The Black Reef Series and Underlying Rocks in the Neighbourhood of Krom- 

draai and Zwartkop, North of Krugersdorp." Trans. Geol. Soc, S.A., Vol. 

IX., pp. 10-15. 
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II.— THE SOUTHERN PORTION OF THE AREA OCCUPIED BY THE 

PRETORIA-JOHANNESBURG GRANITE. 



By H. Kynaston (Director). 



I. Introduction and Physical Features. 

During the latter half of November and early portion of December the mapping of the southern 
portion of the Older Granite, south of Pretoria, was completed up to the northern edge of the Rand, 
H^here the lower beds of the Witwatersrand System form the well-known and prominent escarpment 
overlooking the lower ground to the north. 

The mapping is the southerly continuation of work done in 1904 and 1905, and was extended on 
the west as far as the spruit which crosses the central portions of HoningkHp (72) and Kromdraai (71), 
north of Krugersdorp, and on the east as far as the Pretoria- Johannesburg railway. 

The area mapped represents approximately 265 square miles, and includes 138 miles of geological 
boundary lines. 

In the course of the work special attention was paid to the southern and south-western boundary 
of the granite, and to the collection of all available evidence bearing upon the relations between this 
extensive igneous mass and the various rocks with which it is found in contact, and it is this question 
which will be more particularly discussed in the present report. 

The physical features of the area are too well known to require much description. It is an 
undulating granite country, consisting of alternating " bults " and " vleis," terminating abruptly on 
fhe south against the bold escarpment of the Rand. To the west the topography becomes more 
irregular in outline owing to the greater variety of the rocks which limit the granite in that direction. 
Thus, we have the sharply defined north and south ridge of the older sedimentary series on the farm 
Z>vartkop, followed to the south by the smoother and more regular slopes of the hills formed by the 
Ventersdorp boulder beds and grits on Kromdraai, which are succeeded in their turn by a group of 
^gg^d kopjes and ridges, composed of a series of basic and ultra-basic rocks, which extend up to the 
northern edge of the West Rand. To the east the general undulating character of the country becomes 
gradually less marked and merges into the somewhat flat and monotonous type of veld traversed by 
the railway between Zuurfontein and Kaalfontein stations. 

The country generally closely approximates to the High Veld type. It is well clothed with grass, 
out as a rule only supports indigenous bush in narrow belts along the courses of the streams. The 
^il and climate, however, are well adapted for trees, as is shown by the large plantations, such as the 
Sachsenwald, Frankenwald, etc., which have added considerably to the value and appearance of much 
^f the country north of Johannesburg. 

Situated on the northern slope of the main watershed of the Transvaal, the drainage system 
consists of small streams flowing in a general northerly direction. These together constitute the head- 
^ters of the Crocodile and its tributary the Jukeskei River, and for the most part rise in the 
Witwatersrand area, where in many cases they have cut out narrow kloofs in the upper parts of their 
courses through the hard quartzites and shales of the Lower Witwatersrand Series. Such kloofs are 
^^U seen north of Witpoortje Station, and on the southern portions of the farms Wilgespruit (80) and 
Honingklip (72). 

The population of the southern portion of the area is now comparatively numerous, owing to 
^^e rapid growth and extension of small townships to the north of Johannesburg, while the northern 
portion is mainly occupied by scattered farms. 

By far the larger portion of the area is occupied by the granite, while small areas to the north 
^i^d east of Krugersdorp and west of Zuurfontein are characterised by a series of basic rocks consisting 
Plainly of amphibolites and serpentine. The only sedimentary rocks, exclusive of the Witwatersrand 
System, which are found in the area, consist of two small patches of the Moodies Series (Swaziland 
System), between Zwartkop and Krugersdorp, and a small portion of ground covered by Ventersdorp 
°^ to the south-west of Zwartkop. 
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2. The Ventersdorp System. 

In the extreme western portion of the area a small patch of the Ventersdorp beds was mapped, 
which form the southerly continuation of those mapped by Mr. Hall to the west and south-west of 
Zwartkop, and described by him in the Annual Report for 1905 (p. 70). It will be unnecessary here 
to give any further description of these rocks. They consist of brownish quartzites, grits, and pebbly 
grits, overlain by a thick series of conglomerates with a somewhat shaly matrix, and dip gently beneath 
the Black Reef quartzites on the west. On the east they evidently rest in an unconformable manner 
upon the Zwartkop Series and the granite, and on the south upon the serpentines and basic schists, so 
well exposed on Driefontein (81) and Honingklip (72) ; but the junction with these older rocks is not 
exposed. 

Diabase breccia, — In the eastern portion of the area an entirely different facies of the Venters" 
dorp System, belonging to the volcanic phase, is found in the neighbourhood of Zuurfontein Station- 
This is the peculiar diabase breccia, which crops out along the side of the railway about a mile south 
of Zuurfontein Station, whence it extends south-westwards in a well defined belt into the Bezuidenhout 
Valley. In the latter locality* this rock is associated with an amygdaloidal diabase, closely 
resembling that of the Khpriversberg, south of Johannesburg, and also with a subordinate development 
of slates, quartzites, and conglomerates. No associated conglomerates or other sediments, however, 
were observed near Zuurfontein, though they have been noticed beneath the Black Reef Series and 
referred to this system at a locality a short distance further east.f Amygdaloidal types of the 
diabase are apparently also absent and the rock is throughout in a brecciated condition. A characteristic 
feature is the peculiar outcrop of the rock, the weathered portions projecting obHquely above the 
surface in sharply terminated tongue-like masses, somewhat recalling the form of sharks' teeth (see 
Plate II., Fig. i). This feature would appear to have been caused by the action of weathering along 
two sets of planes, bedding, and cleavage, inclined at an angle to one another. 

The rock is for the most part made up of angular and sub-angular fragments of different 
varieties of diabase, mostly of a finely crystalline texture and occasionally showing amygdaloidal 
structure. 

Near Zuurfontein the breccia rests partly upon the Older Granite and partly upon the serpentine 
and basic schists, which are so well developed over portions of Moddcrfontein (441) and Rietfontein 

(341) 145. 

3. The Swaziland System. 
(a) Moodies Series, 

The principal occurrence of the Moodies Series in this part of the country has been mapped by 
Mr. A. L. Hall on the farm Zwartkop (82), and described by him in the Annual Report of the Geological 
Survey for 1905 (p. 71). t The additional occurrence here recorded is found in the same neighbourhood, 
namely, in the western portion of the area here dealt with, and the rocks comprising it agree in their 
essential features with those of the Zwartkop ridge. They form two small ovaJ patches, elongated in 
an east and west direction, which together constitute a slight ridge-like feature, on the north-eastern 
portion of the farm Honingklip (72), three miles west of Mulder's Drift. 

The outcrops consist of shales and quartzites, and are surrounded by basic schists and granite. 
The beds, unlike those of Zwartkop, have a general east and west strike, though this is by no means 
uniform, and the dip also varies both in degree of inclination and direction. The general direction of 
the dip is to the south, and it is invariably at a high angle. The general behaviour and condition of 
the rocks evidently indicate that they have been subjected to considerable disturbance and mechanical 
strain. They are everywhere highly sheared, and the shales are frequently contorted and show a 
well marked schistose structure. 

The quartzites occur in two well marked though narrow bands, of no great thickness, and 
alternate with reddish, dark greV, and greenish indurated shales. Their outcrop is occasionally 
interrupted and broken by small faults. They are pale yellowish to white in colour, fine-grained in 
character, and often very tough and compact, and closely resemble portions of the middle quartzite 
of the Zwartkop ridge. At the eastern extremity of the two outcrops, however, a slightly coarser and 
darker type of quartzite is exposed. 



* S<'c Hatch niHl rorstorpbiiic, "Tin* (tcoloiry of the Hozuideiihoiit ValK-y." Tnms. CJ«m>1. S4X'.. S.A., vol. vii., pii 
t Sec Coi-stnrphiiie, "The Volcjiiiic Series uinleilyiiijr the IMnrk Ueef." Trans. (Jeol. S<x'., S.A.. vol. vi., paj^' IM) 
I See iilsti Hall and Humphrey, " The Hlack Keef Series and un<lerlying formatiuns in the ueighlM^urhuotl 



Trans. CJ«'ol. S4X'.. S.A., vol. vii., pape \0i\. 

of Kronulraai and 
Zwartkop." Trans. Ocol. Soc., S.'a., vol. ix., pafj^ 10. 
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Schistose bands frequently traverse the massive portions, where these latter have given way to the 
dynamic movements. Thus, the extensive exposure of basic rock, west of Mulder's Drift, consists 
partly of serpentine with occasional schistose zones, with which talc is often associated, while the 
serpentine is also often traversed by zones containing small veins of chrysotile. The marginal portion 
of the mass, where it is in contact either with the granite or the rocks of the Zwartkop Series, is always 
highly schistose. The zone which borders the Rand escarpment from Honingklip to Waterval is mainly 
schistose in structure, though occasionally, as on Khpfontein, more massive and serpentinous. Th« 
larger mass in the eastern portion of the area shows similar characters to that west of Mulder's Drift, 
but is characterised by the occurrence of a coarse massive type, well exposed near the terminus of 
the branch railway at the Modderfontein Dynamite Factory. This rock in hand specimen resembles 
a picrite, and the very coarse structure of the original rock can be clearly distinguished. Under the 
microscope, however, the rock is now seen to consist almost entirely of serpentine, with large fibrous 
ophitic pseudomorphs, apparently bastite, enclosing patches of serpentine [A 276 (494) ]. Other 
portions of this mass are strongly schistose, and consist sometimes of a mixture of serpentine and fibrous 
amphibole and sometimes of a talcose actinolite schist [A 241, 243, 272, 273]. A somewhat character- 
istic modification may be observed where marginal portions of these basic rocks are veined by the 
granite, as, for instance, on the north-western portion of Waterval (79) and on the northern portion 
of Weltevreden (78). The basic rock is, in these cases, exceedingly hard, compact, and not markedly 
schistose, and appears to have undergone contact alteration from the intrusion of the granite. It 
consists almost entirely of small idiomorphic prisms of green hornblende, without any tendency to 
orientation. The fact that this type is apparently confined to the immediate neighbourhood of granite 
veins and the fresh condition of the hornblende indicate that it is probably the result of contact- 
metamorphism, the basic masses being in that case of earlier date than the granite. 

One of the most characteristic features of the basic rocks is the exceedingly rugged nature of 
the outcrops, the massive portions having weathered into a variety of irregular and fantastic forms, 
wliile the schistose portions stand out with sharp, jagged and serrated outlines. A portion of the 
extensive outcrop on Rietfontein (341) 145, showing the characteristic weathering, is illustrated in the 
photograph on Plate II., Fig. 2. 

The planes of schistosrty in the basic rocks do not appear to maintain a constant direction for 
any great distance over the area examined, both the direction and degree of inclination showing con- 
siderable variation. The dip or pitch is nearly always at a high angle, and often nearly vertical, and 
southerly and south-easterly directions of inclination arc, perhaps, more generally observed. Near 
the waterfall on Roodekrans (89), at the foot of the Witpoortje Kloof, the strike of the schistosity is 
sometimes apparently parallel and conformable with that of the Lower Witwatersrand strata, but at 
other times, on the contrary, it is almost at right angles to it and almost vertical. The character also 
of the basic schist at this locality, in its occasional resemblance to a dark altered shale, might mislead 
one to suppose, from the appearance of certain sections, that the rock was a conformable member of 
the Orange Grove Series, but any such idea is quickly dispelled by a more extensive survey, which 
proves that there is no relation whatever between these schists and the Rand Series, except one of 
very marked unconformity. 

Evidence has also been brought forward to show that these rocks are of earlier date than the 
granite, but there are apparently not sufficient data to enable us to decide whether they are older or 
younger than> the sedimentary rocks of the Zwartkop Series. Both have undergone together the same 
regional metamorphism, and it may, perhaps, be not unreasonable to regard the basic schists as bearing 
an intrusive relation to the sedimentary series, both having been subsequently invaded by the granite 
and subjected to lateral pressure, accompanied by shearing movements. 

(2) The QuartZ'felsxtcs, — It now remains to describe the acid rocks of the neighbourhood of 
Mulder's Drift. These resemble the basic rocks in the fact that they are partly in their original massive 
condition as regards structure, and partly in a sheared and schistose condition. Their mode of occur- 
rence suggests that of later intrusions or dykes in the granite. It is difficult, however, to reconcile 
this with the fact that they are occasionally traversed by veins and tongues from the main mass of 
the granite in a highly foHated condition. Such veins are well seen about half a mile north of Mulder's 
Drift and at the side of the main road on the south side of the drift. It is possible that an appearance 
of vein-like bands may have been brought about by the same set of dislocating and shearing move- 
ments, which subsequently caused the crushing and foliation of portions of both the felsites and the 
granite. The phenomena observed, however, so strongly resemble intrusive veining that, for the present 
at least, it is preferable to refer the acid rocks to the same period as the basic schists and serpentines. 
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To the north of the boundary line thus traced the granite is well exposed over the greater part 
of the area, mostly in the form of boulder-like masses or in small but characteristic kopjes, formed of 
huge blocks, which often stand out as conspicuousjiobjects in the landscape, recalling the granite tors 
of Cornwall and Devon. Good examples of these may be seen on Witkoppen (141) and Leeuwkop {15} 
and at the old Half-way House on the Pretoria- Johannesburg road. As a rule, outcrops are mor^ 
commonly to be found along the slopes on either side of the streams and vleis. 

It has been stated that the geological margin of the granite is nowhere exposed ;* that is to sayv 
that its superficial extent is everywhere limited by more recent overlying formations- This, is 
certainly to a great extent true, but the evidence from the present area tends to show that at 
least along its south-western boundary the granite presents a distinct marginal facies, and since it has 
already been pointed out that the belt of basic schists there exposed is not a mere modification of the 
granite, but is intrusively veined by it, and to be referred to an earlier period, we must conclude that 
the line of contact between the two rocks constitutes the true geological margin of the granite. Further, 
Messrs. Hall & Humphrey have pointed outf that the Moodies Series at Zwartkop is older than the 
granite, and have laid stress upon the gradual passage of the latter into a less acid marginal facies as 
one approaches the Zwartkop ridge from the east. The writer's observations not only fully confirm those 
of Mr. Hall, but indicate the continuation of the granite margin from Zwartkop for some distance to the 
south-east, and the persistence of the marginal facies to within a short distance of Johannesburg. 

It will be as well, however, to notice, first of all, some of the more normal types of the granite 
before describing the marginal modifications. In its more central portion the granite does not show 
any great degree of variation, but is often very uniform in character over large areas. The rock exposed 
at the old Half-way House, on the Pretoria road, may be taken as a good example of the most 
characteristic and widespread type. This is a somewhat coarse rock of a pale pinkish-grey colour, 
with occasional large flesh-coloured felspars showing more conspicuously among the other constituents. 
Under the microscope [A 279] it is seen to consist mainly of a somewhat coarse aggregate of microcline, 
plagioclase, and quartz, some of the larger felspar individuals showing sometimes an intergrowth of 
the two varieties. There are also a few small flakes of white mica. The proportion of ferro-magnesian 
element is small, and consists of biotite, partially chloritised, and a very small quantity of green horn- 
blende. Apatite is accessory, and a few small grains of epidote appear as a secondary constituent. 

White mica is not common in the main mass of the granite, though it was observed in consider- 
able quantity, together with microchne, in a specimen from Brakfontein (104), in the area further north 
[A 153]. It is also seen in small quantity in the rock quarried on the northern portion of Wilgespruit 
(80), but in this case apparently represents bleached biotite and not muscovite. The Wilgespruit 
granite is a pale grey medium-grained rock [A 262], consisting of turbid plagioclase (probably oligoclase), 
microcline, orthoclase, and quartz, together with some biotite and secondary epidote. 

On Witkoppen (141) a more pronounced biotite-bearing variety has been quarried. It is a 
slightly less acid type than that from Wilgespruit, consisting largely of plagioclase, quartz, and biotite, 
while microcline is subordinate, and, at the same time, spbene makes its appearance [A 263]. 

There is evidently at times a tendency to the formation of less acid modifications of this type, 
which sometimes form well marked bands in the more normal acid granite. An excellent instance of 
this is seen close to the ruined homestead on the northern portion of the farm Nietgedacht (91), where 
a coarse pinkish granite of the Half-way House type is intimately interbanded with a fine-grained dark 
variety, rich in biotite. The banded mass shows an irregular, but well marked, fluxion structure (see 
Plate III., Fig. i), and is evidently the result of an intermingling of two distinct modifications of the 
magma, owing to pressure acting previous to complete consolidation. The fine-grained dark variety 
is slightly more basic than the closely related Witkoppen rock, and consists essentially of plagioclase, 
biotite, quartz, and sphene [A 279], and is allied to the tonalites. This type of modification is 
characterised essentially by the development of biotite, and shows little or no hornblende. Variations, 
however, in the direction of hornblende development, resulting in dioritic modifications are, perhaps, 
more common in certain localities, and are especially characteristic of the south-west border of the 
granite area, between Mulder's Drift and Johannesburg. 

A sUght tendency in this direction is noticeable in a pink granite exposed on the north portion 
of Boschkop (77), which consists mainly of plagioclase, quartz, some orthoclase, and a small quantity 
of green hornblende, but as we approach the margin of the basic schists and serpentines further south, 



* Hatch aiul Corstorphine, "Geology of South Africa," page 95. 

t Hall and Humphrey, "The Blaek Keef an<l underlying formations in the neighlHjurho<Kl of Kromdraai and Zwartlcop.\ 
Trans. Geol. Soc., S.A., vol. ix., pages 14 and 15. and Annual Ke])ort, Geologieal Survey for 1905, page 72. 
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the normal granite passes gradually into quartz-diorite and diorite, which are well exposed from the 
north-western portion of Wilgespruit (80) along the margin of the basic schists as far as the base of 
the Lower Witwatersrand escarpment, north of Auckland Park and the Sans Souci Hotel. 

The majority of the rocks in this marginal portion of the granite area may be described as more 
or less foliated quartz-diorites, the foliation being often very slight and scarcely noticeable under the 
microscope. They consist of plagioclase, quartz, and green hornblende, with usually some biotite, 
sphene, and secondary epidote [A 260, 265, 280, and 283]. A mass of augite-diorite is seen at the drift, 
whicli crosses the Little Jukeskei, on the main road on the west portion of the farm Braamfontein (142) 
127, and north of Melville Township, but it is not clear whether this is a modification of the granite, 
or whether it belongs to one of the later intrusions, some of which it closely resembles petrologically. 

A highly foHated variety of the dioritic modification is exposed quite close to the base of the 

Kand quartzites in the south-east portion of Weltevreden (78), about two miles N.N.E. of Florida 

Station. Under the microscope [A 266] it shows very strong foHation, in connection with which the 

qua.rtz \u\s been converted into a fine granular mosaic, the felspars have been broken and crushed, and 

the hornblende has been converted into flakey lenticular aggregates. Here and there rather conspicuous 

grains of secondary epidote tend to form '' augen," round which the other constituents have been 

made to flow. The entire original structure of the rock has become schistose and gneissoid owing to 

cataclastic action. The rock is a crushed quartz-diorite. 

Modifications of a similar dioritic type, but in part of a more fine-grained and gneissic character, 

>^'ere observed by Mr. A. L. Hall along the granite margin on Zwartkop. Between this locality, how- 

eN-er, and the farm Wilgespruit (80), to the south, the dioritic tendency is not maintained, though 

marked foliation is invariably present in the granite along its contact with the older basic schists, 

quartz-felsites, and sedimentary rocks of the Moodies Series, and is occasionally accompanied by a 

passage of the coarse holocrystalline granite into a kind of quartz-porphyry ; that is to say, that here 

the marginal modification is of a distinctly acid character, without any basic tendency, while the 

ioliation is still characteristic. 

Thus, the tongues of granite, which occasionally traverse the quartz-felsite at Mulder's Drift, 

have a highly foliated and crushed appearance, and the greater portion of them is seen [A 247] to have 

been converted by cataclastic action into a fine-grained mosaic of quartz, felspar, and white (sericitic) 

mica, only the larger grains of quartz and certain portions of the felspar (microcline) remaining intact 

and tending to form ** augen." 

Again, three miles west of Mulder's Drift, the most easterly of the two patches of the Moodies 

Series, is seen to be separated on its north-west side from the surrounding basic schists by a band of 

granite, which is apparently intrusive. Tliis latter is a medium-grained muscovite-granite and shows 

signs of partial crushing [A 306]. It becomes fine-grained and foliated along its margin, and is seen 

under the microscope [A 305] to consist of fairly numerous grains of quartz and a few small flakes of 

white mica in an exceedingly fine-grained and schistose groundmass, almost felsitic in character, and 

consisting mainly of quartz, felspar and white (sericitic) mica. The quartz grains are fractured and 

show signs of considerable strain. The rock may be described as a partially crushed quartz-porphyry, 

and represents a marginal modification of the granite at its contact with older rocks. 

FoHated and cnished granite of the acid type is also found along certain lines, which traverse 
the more central, as well as the more marginal, portion of the mass, and which have been indicated 
upon the map as lines of crush. These lines have a general north and south trend, and form con- 
spicuous ridge-like features, often continuous in a direct hne for considerable distances. They consist 
essentially of reefs of massive vein-quartz, which forms their central portion, and this is usually flanked 
on either side by a narrow zone of crushed and highly sheared vein-quartz and granite, both kinds of 
rock being often brecciated and crushed together. The central portion has also frequently been frac- 
tured and brecciated, the fragments having been re-cemented by secondary deposition of siUceous 
TOterial. The best example of these crush-hnes forms a well-marked feature, extending from the 
farm Witpoort (551) in a general S.S.W. direction to Khpfontein (479), a distance of 12 miles, and is 
apparently coincident with the line of fault which affects the Lower Witwatersrand Series on Waterval 
(79)> to the north of New Clare. Near the southern portion of this line, and directed obhquely towards 
It, is another line of crush, part of which forms the prominent ridge behind Craighall Hotel. This has 
been described recently by Mr. P. Wagner.* Further east another well-marked ridge of quartz-rock 
^d crushed granite crosses the eastern portion of Klipfontein (88) and enters the north-east comer 
of Modderfontein (441) near the terminus of the branch railway to the Dynamite Factory. In the 



* ^. Wagiier, Tnius. Geol. Sue*., S.A., vol. x. p. G, 
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Witwatersrand escarpment, so conspicuous in any general view of the Rand, west of Johannesburg. 
This feature consists of massive quartzites of the Orange Grove Series forming a well-marked kranz, 
facing slightly west of north. The beds dip away from the older rocks on the one side, but towards 
them on the other side, with a general direction slightly east of south ; so that in a section taken in 
the direction of dip, as far as the main Rand escarpment, we should traverse both the older igneous 
rocks and the Orange Grove Series twice over. On tlie east side of the projecting ridge the strata are 
seen to be sharply and obliquely cut off against the older serpentine and basic schist, and all the 
phenomena indicate the presence of a fault of the Bezuidenliout Valley type. In this locality, more- 
over, the fault appears to coincide with one of the main hues of crush in tlie granite, and so has 
apparently taken advantage of an older line of weakness. The continuity of the lower quartzites with 
those of the main escarpment on the west is also broken by one or two smaller faults. The continuation 
of this fault further south or south-west was not followed, but certainly requires further investigation 
with a view to ascertaining whether there is any connection between it and any of the known dis- 
locations in the Upper Witwatersrand S>eries on the West Rand, such, for instance, as that known as 
the Witpoortje break. 

5. The Later Intrusions. 

The granite is frequently traversed by dykes and irregular shaped intrusions of what maj^ "b^ 
generally classed as diabase, though several distinct varieties may be found among them on cl<:>s€^ 
examination. These rocks are locally very common, and traverse, not only the older basic schists, 
but also the much younger beds of the Witwatersrand Series. They show no sign whatever of folia^t^^^ 
or crushing, and apparently have no relation to the older lines of weakness, so that we may reg"^^^ 
them as later than any of the movements above referred to in connection with the granite and l^^-'^^^ 
than the Witwatersrand System. It is, perhaps, not unreasonable to suppose that many of th» ^^ 
intrusions may represent the dyke phase of the volcanic activity, to which the Bezuidenhout Va3 ^ ^V 
and Klipriversberg lavas owe their origin, though it would be difficult to draw any hard and fast %- ^ ^^ 
between these occurrences and those more probably connected with the more numerous intrusion^^ ^^ 
the Transvaal System further north. At the same time, it is also possible that an occasional intnis i^^^ 
may be connected rather with the magma, from which the Older Granite itself was derived. 

A few examples will suffice to indicate the principal characters of these rocks. The more hm^^^^ 
varieties are probably the commoner, and consist mainly of plagioclase and augite, with seconds- 
hornblende, chlorite, and accessory iron-ores. Such may be found on the farms Waterval (79) aU 
Weltevreden (78), in several intrusions on Zandspruit (91), and in many other localities. A fairly laiy* 
mass of this type of rock is also exposed on the south side of and below the dam near Sir George Farrar'i 
house on Bedford. This is possibly a basic modification of the granite, though the character of the rock 
rather indicates a connection with the later intnisions. The same may also be said of the augite- 
diorite, already referred to, which is quarried at the drift over the Klein Jukeskei River to the north 
of Melville township. 

Augite-diorites and diorites are also often met with in distinct dyke-like intrusions, as, for 
instance, in the dykes crossing Olievenhoutpoort (142) and Boschkop (77). These consist essentially 
of plagioclfese and hornblende, with sometimes augite in addition, and there is usually also a little 
interstitial micropegmatite. They somewhat resemble some of the intrusions occurring in the Dolomite. 
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Ridge, about six miles south of Thabine, shown on the extreme left, a distance along the range of 60 
miles. A little to the left of the centre of the sketch is shown the mountain known as the Iron Crown. 
Though the highest point in this portion of the range, rising to a height of 6,994 feet above sea-level, 
the Iron Crown is not so imposing as many of the mountains to the south-(»astward along the Drakens- 
berg chain, such as the Wolkberg and Mamoutzouri, which stand out more boldly from the general 
escarpment. 

The Iron Crown is the most northerly prominent point of the higher ranges and stands at the 
centre of the bend formed by the Drakensberg and Strydpoort mountains. From the Iron Crown, as 
shown on the sketch, the latter range runs in an almost continuous escarpment as far as Strydpoort, 
broken only by the narrow poorts, not easily distinguishable from a distance, through which the Malip's, 
Mpathlele's, Chunie's and Zebedela's Rivers break to join the Olifants Kiver after draining the low 
granite country shown on the right of the sketch. It may be noted that the crest of the Strydpoort 
escarpment maintains a fairly uniform line which gradauUy falls in elevation from 7,000 feet near the 
Iron Crown to 5,000 feet near Chunie's Poort. 

South-eastwards from the Iron Crown the Drakensberg escarpment extends for a distance of 
75 miles to the neighbourhood of Ohrigstad and Pilgrim's Rest. A portion of the Drakensberg is seen 
on the left of the sketch including the conspicuous mountains of the Wolkberg and Mamoutzouri. Com- 
pared with the Strydpoort escarpment that of the Drakensberg, though similar in general characteristics, 
presents some points of difference. In the first place, on account of the less elevation of the Low Country, 
as compared with the country to the north of the Strydpoort Range, it towers to a greater height above 
its base. Further, between the Wolkberg and the poort of the Olifants River, 40 miles to the south-east, 
there are no openings like Mahp's and Chunie's Poort in theStrydpoort Mountains, by which streams pass 
from one side to the other of the range. On the other hand, the escarpment is frequently embayed by 
somewhat wide valleys running back into the range, carrying numerous and considerable streams, 
which drain its eastern slopes and form the head-waters of the Letsitele, Letaba, and Macoutsie Rivers. 
Partly on this rxcount also the Drakensberg does not present so uniform an outline as the Strydpoort 
Range (Fig. i, Plate XXII.). This is especially the case for some 25 miles south-eastwards from the 
Iron Crown. This portion of the range is broken up into a number of well marked individual mountain 
masses rising to a height of nearly 7,000 feet, connected by lower portions of the chain. The most 
prominent of these masses are the Wolkberg, the conspicuous mountain so well seen from the Low 
Country between Haenertsburg and New Agatha, the Mamoutzouriberg — perhaps the finest of the 
group — the Mabolaberg, and the Mahogoelaberg. 

The broken character of this portion of the Drakensberg is mainly due to considerable faulting 
associated with the change of strike in the bend between the Drakensberg and Strydpoort Ranges. By 
these faults the continuity of the escarpment is interrupted, and the range is broken into a number of 
partially distinct portions, whose strike is oblique to the main axis of the range and intermediate in 
direction between that of the Drakensberg and Strydpoort Ranges. It is these broken portions which 
give rise to the individual mountain masses, of which Mamoutzouri is perhaps the best example. In 
some aspects these mountains present an elongated ridge-like form, while viewed in the direction of their 
length they appear as sharp mountain peaks of exceptionally graceful outline. (See sketch, Fig. i, Plate 
XXII.) The higher points in the ranges, particularly in the angle about the Iron Crown and Wolkberg, 
command magnificent views, especially of the country to the north and west, embracing the 
greater part of the northern Transvaal. Even in September, when grass fires are almost constantly 
burning, it is frequently possible to obtain views extending to a distance of as much as 100 miles. Thus, 
from the escarpments to the south of Haenertsburg the range of the Zoutpansberg is very clearly 
seen, with the Blauwberg, Megabeen Berg, and Mojala Berg stretching away to the west, the last- 
named being distant between 90 and 100 miles ; while the poorts and valle}^ of the Sand, Brak, and 
Megalaqueen Rivers are easily distinguishable. 

The higher portions of the Strydpoort and Drakensberg Ranges almost everywhere present steep 
escarpments towards the Low Country, usually crowned by a double line of precipitous kranzes formed 
by the quartzites of the Black Reef Series, each ranging from 100 to 300 feet in height. In the 
Mamoutzouriberg regular kranzes are replaced by rugged and precipitous rock faces unbroken by any 
intermediate slopes for some hundreds of feet, giving the mountain a very imposing appearance. Below 




country about three miles in width between the escarpments and the flats with a vertical range of from 
2,000 to 3,000 feet. 
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At the angle, where the Drakensberg and Strydpoort Ranges join, the lower slopes do not fall to 
the level of the Low Country, but are continued northwards into the elevated tract comprised in the 
Woodbush Mountains, to which further reference is made below. 

South of the Drakensberg and Strydpoort Ranges, and included within the horns of the crescentic 
mountain chain, which they form, lies a tract of country strongly contrasting with the low country to 
the north of the main escarpment. The more resistant horizons of the rocks of the Transvaal System 
form several more or less parellel ranges concentric with the outer escarpment of the Black Reef Series, 
which forms the Strydpoort and Drakensberg Mountains. Of these the most conspicuous is that formed 
by the Dolomite, which almost equals the outer range in elevation. This is the range seen through 
the various gaps in the escarpment in the sketch in Fig. i, Plate XXI. 

The Rivers of the mountainous tract, formed by the Drakensberg and Strydpoort Ranges, present 

many points of interest. Southwards from the main escarpment there is a general fall towards the 

Olifants River, which, after making a wide curve, roughly parallel to that formed by the Strydpoort 

and Drakensberg Ranges, finally makes its way through the latter and emerges into the Low Country 

at Olifants Poort. (See map, Plate XXXIL) 

The southern slopes both of the Drakensberg and Strydpoort Ranges drain to the Olifants River. 
Whereas, however, the streams draining the Drakensberg are of no great length and are confined to the 
southern slopes of the mountains, those draining the Strydpoort Range originate to the north of it in the 
comparatively low granite country to the south of Pietersburg, cutting their way completely through 
the range by a series of narrow poorts, in which the present river beds lie some 2,000 feet or more below 
the level of the top of the escarpment. It is evident that, like many other Transvaal streams, these 
rivers, which cut through the Strydpoort Range, form part of an extremely ancient drainage system 
which originated when the relative level of the surface was much higher than it is now, and when also 
the Black Reef Series probably extended much further north than is at present the case. 

While the drainage of the north slopes of the Strydpoort Mountains finds its way directly into 
the same rivers, which, passing through the range, receive the drainage of the southern slopes, that of 
the north side of the Drakensberg does not directly join that of the south, but, flowing in a north-easterly 
direction away from the range, finds its way to the OHfants River through the numerous tributaries 
of the Letaba, Selati, and Macoutsie Rivers. The seaward slopes of the Drakensberg, rising more or 
less abruptly to a height of four thousand feet above the Low Country, are favoured with an 
exceptionally copious rainfall. Numerous streams descend from them, and water is abundant all 
3long the foot of the berg even in late winter months. The streams, however, rapidly diminish in size 
3-fter entering the low granite country, and in the dry season few of them run for any considerable 
distance beyond the base of the range. 

The Slopes of the Drakensberg and Strydpoort Mountains. — Below the precipitous escarpments 
of Black Reef Quartzites, which almost everywhere from the highest portions of the Strydpoort and 
I^rakensberg Ranges, much gentler slopes extend downwards to the comparatively level country of 
^he Low Veld. These slopes occupy a belt of country about three miles in width, with a vertical range 
of from 2,000 to 3,000 feet. Their character is well seen in the sketches on Plate XXL They are cut 
'^y small steep-sided valleys into numerous spurs, detached portions of which occasionally form foot-hills 
^t the base of the berg. This is more particularly the case along the base of the Drakensberg Range. 
The smooth outlines and deep erosion of the lower slopes, as compared with the escarpments above, 
^re due to their being carved out from the easily weathered granite rocks, upon which throughout the 
peater portion of the district the Black Reef Series rests. 

(2) The Woodbush Mountains, 

In the neighbourhood of the junction of the Strydpoort and Drakensberg Ranges about the 

village of Haenertsburg, instead of falling rapidly to the level of the Low Veld, the lower slopes of the 

^in mountain range are continuous towards the north as a tract of moderately elevated country 

^th an altitude of from 3,000 to 4,000 feet, which stretches away towards the Zoutpansberg. That 

Portion of the elevated tract which lies adjacent to the northern termination of the Drakensberg, a portion 

Q5 which is shown in the foreground in the sketch in Fig. i, Plate XXL, is known as the Woodbush or the 

Woodbush Mountains. The term Woodbush (Houtbosch) refers to the occurrence of dense patches 

^' bush, altogether different in type from that met with in other districts, and distributed in a 

^^ner very characteristic of the locality. The Woodbush, like other parts of the eastern ranges 

vWch overlook the Low Country, has an exceptionally heavy rainfall, in addition to which heavy mists 

prevail during many months of the year. Further, over the greater part of the district the rocks, mostly 

Suites and schists, are decomposed to a great depth, being quite friable in many localities to a depth 

oHrom 50 to 100 feet. On this account large quantities of moisture are retained, and the district is noted 

d 
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for the abundance and constancy of its springs. These almost invariably rise in deeply-cut narrow 
kloofs with abrupt or steeply sloping sides, which as a rule are filled with a dense growth of bush and 
timber. These woods vary in size from small patches containing a few trees clustered at the head 
of a small stream to extensive j forests, embracing the heads of many streams, and continuous over 
the intervening ridges. Such forests are not confined to the Woodbush Mountains, but cover also large 
areas on the middle slopes of the Drakensberg, which are almost identical in character with the Woodbush- 
country proper and possess similar advantages of exposure and rainfall. 

The term mountains, as apphed to the elevated tract about Woodbush, conveys a somewhat false 
impression of the character of the country. Composed for the most part of easily eroded granitic rocks, 
the Woodbush Mountains no doubt owe their prominence to protection by the hard quartzites of the 
Black Reef vSeries, which have been more recently denuded from this area than from the low country 
to the east. Abrupt outlines are rare, and a large part of the district consists of smooth rounded hills, 
covered with deep red soil of very good quaHty, derived from the disintegration of the local schists and 
granites. Exceptionally well-watered, with a rich soil, a healthy climate and abundance of timber, the 
Woodbush country possesses advantages which should enable it to support a prosperous population 
when the difficulties of transport, from which it at present suffers, are overcome. 

From the main elevated tract of the Woodbush district, many smaller ranges of hills stretch in the 
form of extensive spurs into the Low Country. Of this type is the range known as Mojadji's Mountains. 
These ranges are all approximately parallel, and have a north-easterly trend, a direction which is 
followed also by all the main streams draining the eastern slopes, which include the upper courses of the 
Groot Letaba, the Koodoes, and the Middel and Klein Letaba Rivers. As described more in detail 
below, this prevailing north-easterly trend of all the main ranges and valleys about Woodbush corresponds 
with, and is a consequence of, the prevailing strike of the schistose rocks, of which the district is composed. 

The elevated tract above described, which runs northwards from Haenertsburg through the 
Woodbush Mountains, and is continued towards the Zoutpansbcrg by a number of smaller ranges, 
constitutes the watershed, whose eastern slopes drain to the Limpopo by way of the Letaba and Olifants 
Rivers, while the drainage from the western side reaches the Limpopo northwards by way of the Sand River. 

(3) The Low Country and the Murchison Range* 

The foot slopes of the Drakensberg and Woodbush Mountains merge gradually into a wide expense 
of very low-lying land, which extends eastwards from the ranges practically to the sea, since the north- 
ward continuation of the Lebombo Mountains, which separates it from the low-lying Portuguese 
territory, does not here form any considerable feature. This extensive tract of low-lying land, and 
especially that portion which forms the basin of the Letaba, Selati, and Macoutsie Rivers, is known as 
the " Low Country," its average elevation above sea-level being only about 1,000 to 1,500 feet. Viewed 
from the Drakensberg or from the Woodbush Mountains, which form its western border, the Low Country 
appears almost flat. (See sketch, Plate XXL, Fig. 2.) It is, however, as a whole, gently undulating 
in character and is further varied by the occurrence of numerous low ranges of hills and chains of kopjes, 
not as a rule exceeding 500 feet, but rising in exceptional cases, as in the Murchison Range, 1,000 feet 
above the general level. In the western portion of the area the hills frequently form definite ranges 
such as the Murchison Range and the Mashishimala Hills. 

Beyond the eastward termination of the Murchison Range only isolated individual hills and 
small groups of kopjes rise above the general level of the undulating country, as for instance, about the 
junction of the Selati and OUfants, and at Palabora. (See Fig. i.) 
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Palabora faoh the cast. 
F\g. I. 
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A. r>«)riloaiix. " Le Murcliison Hanj^j^ ot s<'s Champs Anrift-rcs." Ann. <h's Mines, xiv.. 1M»S, p. l>r». 
n. S. S. Steuart. "The Mineral Wealth of ZcutpansK-r^'.*' Transac. Inst. Min. Kn«r., 1><I»1». 
H. Merensky. " The (iold n«'posits of the Murehison Uanjre. ^e." Transjic. (ieol. Soe., S.A.. vol. viii., 1905. p. 42. 
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The greater portion of this country is thinly covered with low timber very uniformly distributed, 
with a thick undergrowth of rank grass and occasional small thorny bushes. The majority of the trees 
are leafless in winter and the country has then a barren appearance. The courses of the streams even 
where, as is frequently the case, they carry no water, can be traced from a distance by the lines of larger 
trees, whose dense dark green tops form in winter a striking contrast to the leafless condition of the rest 
of the veld. In the immediate neighbourhood of the rivers vegetation is luxuriant and varied. The 
alluvial flats along the Olifants River carry a variety of big trees with a dense undergrowth of scrub, and 
the grasses and reeds are in many places so dense that the edge of the water is approached with difficulty, 
except through the tunnel-like paths cut by hippopotami. 

Along the Tooti and Malalane Rivers the country has frequently a tropical aspect owing to the 
lines and groups of tall palms which fringe the river banks. Away from the river, however, the country 
shares the general character of the district. 

The Murchison Range, — The most conspicuous and best known of the Low Country hills are those 
known as the Murchison Range. This consists of a somewhat broken chain of ridges and kopjes, ranging 
from 200 to 1,000 feet in height and extending for 50 miles in an east-north-easterly direction across the 
central portion of the district. The main portion of the range commences near Thabine, passes to the 
north of the township of Leydsdorp, and continues 25 miles further east as far as the conspicuous group 
of hills known as Kasteel Kopjes, beyond which it is represented only by a low ridge and an occasional 
isolated kopje such as Louw's Kop. 

In the neighbourhood of Leydsdorp, which lies near the centre of the range, and from that point 
eastwards to near the junction of the Melati and Selati Rivers, the range has a well marked double 
cliaracter, a second or southern chain, running parallel to the main or northern line of hills, and separated 
from it by a valley varying in width from two to three miles. (See sketch, Plate XXII., Fig. i.) The 
eastern portion of this valley is traversed by the Melati River. The southern line of hills comprises some 
of the most prominent points of the range including the hills known as French Bobs, on the slopes of 
which Leydsdorp is built, Spitzkop, the highest point in the range, rising 1,000 feet above the surrounding 
country, and the Blue Jacket Hill, well known in connection with the mine of that name. 

The character and general appearance of the central portion of the Murchison Range is shown 

in Fig. I, Plate XXII. The sketch is taken looking south-westwards from the kopje at the Free State 

Mine, a portion of which, shown in the foreground, prevents the mine- workings being seen. The Free 

State kopje forms a portion of the northern line of the Murchison Range, which is continued from the 

point of view in the sketch through the Maid of Athens, Gravelotte, and southern portion of the 

Rooiwater Kopjes. Among the latter hills rises the Melati River whose course, waterless for the most 

part, passes between the Maid of Athens and Anglo-French Kopjes and enters the longitudinal valley 

between the two portions of the Murchison Range, along which it flows to join the Selati some 12 miles 

east of La France. The greater part of the southern line is well seen in the sketch. Just to the left of 

fte Gravelotte Kopje is seen the group of hills in the centre of which Leydsdorp stands, the summit 

^f Krench Bobs Hill being just visible between the two nearer kopjes. A little nearer still is Spitzkop, 

^hose sharp pointed summit of hard siliceous schists rises 1,000 feet above the flat. The next prominent 

pill is the Blue Jacket Kopje, the mine lying on the slopes out of sight on the further side. The range 

*s continued by the kopjes known as La Belle France and La France, the mine known under the latter 

^arne being seen on the lower slopes of the hill. A little further east the southern line terminates in 

^he hill known as Granite Kop, not shown on the sketch. In the distance, behind the hills of the 

Murchison Range is seen the Drakensberg Range, from the picturesque mass of Mamoutzouri on the 

^ght, some thirty miles distant, to near the poort of the Olifants River on the left. 

Other Ranges and fiills. — Fifteen miles southwards of the eastern end of the Murchison Range 
^n the further side of the Selati the monotony of the Low Country is broken by the Mashishimala Hills, 
^ compact group rising about 800 feet above the general level from the midst of the granite country 
^ying between the Selati, the ?/facoutsie, and Olifants Rivers. 

Eastward of the Masb/shimala and the Murchison no well-marked ranges occur. The country 
^s low and undulating and traversed by numerous valleys with intervening broad stony ridges, thinly 
^unbcred, rising from 200 to 300 feet above the level of the water-courses. 

Scattered here and there are groups of kopjes and isolated '' tor "-like masses of granite rising 
abruptly above the general level, and frequently crowned by fantastic groups of granite blocks. Of 
tnis type are the group of kopjes near the junction of the Selati and Olifants Rivers, and that surrounding 
Lulu Kop at Palabora. (Fig. i.) 
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In the streams draining to the Olifants River, like the Malalane and Tooti Rivers, water is only 
found in winter in widely separated water-holes. The scarcity of water, the rough and stony character 
of the country, and the entire absence of roads of any description, render travelling laborious and slow. 
Beyond Palabora, near the junction of the Selati and Olifants Rivers, the country is uninhabited even 
by Kaffirs. 

Water-supply in the Low Country. — Although the Low Country is traversed by the courses of 
numerous streams, including several rivers of considerable size, such as the Macoutsie, the Selati, and 
the various branches of the Letaba, want of permanent water is one of the main difficulties in the district, 
and especially in those parts which lie away from the courses of the main streams — for example, the 
higher ground along the base of the Murchison Range, where much mining and prospecting work has 
been carried on at various times. 

The eastern slopes of the Drakensberg and Woodbush Mountains are exceptionally well watered, 
and even in winter copious streams flow down from the mountains, which however quickly diminis\\ 
in volume and in many cases completely vanish on entering the Low Country at the foot of the slop€iS», 
water being very scarce in winter five miles away from the foot of the berg. I-ike most granite areas in drx/ 
climates the Low Country appears to have an unlimited capacity for absorbing water, and even the maL.\xi 
rivers, which leave the mountains as strong and rapid streams, very soon dwindle after entering tYxt 
granite country and become in dry seasons mere chains of water-holes. The Selati in some seasc^x^s 
ceases to run east of Leydsdorp in the winter time, while its tributary the Melati, the only "rive 
traversing the central portion of the Murchison Range, although possessing a well-marked and deeply-* 
course upwards of 25 miles in length, rarely runs at all throughout the greater part of its length, its 
being in many places completely hidden by a dense growth of grass, bush, and small palm trees, with ^ar^o 
sign of any definite water channel. Ne^r the Free State Mine water is obtained by sinking wells, abc::>'«Jt 
60 to 80 feet in depth, close to the bed of the river. Several bore-holes for water, put down t<z> a 
depth of over 300 feet, have been unsuccessful, and the workings of the Free State Mine which hE^i^^^e 
reached a depth of 450 feet are practically dr^^ At the Sutherland Reef, about three miles south-u^^st 
of Leydsdorp, where the lowest level is 525 feet below the surface, only very small quantities of wa^*<^r 
are met with. 

Both the granite of the district, which usually carries a thick covering of coarse sand (•-'■^^^^ 
decomposed rock, and the almost vertical schists, readily absorb a large portion of the rainfall. Neitl^«^^^^ 
rock, however, permits the passage of this water to any considerable depth. The loss by evaporati o^ 
must be enormous, and probably accounts for the greater portion of the rainfall. The level charac "^^^ 
of the district further prevents the concentration of the ground water into any definite channels, so iir^a ^^^ 
natural springs are practically unknown in the area. The only occurrence of the nature of a spring nc^^^ 
with was that upon which the natives at Siluan's Kraal, about 25 miles east of the Free State Mi: 
are dependent. This is perhaps the only permanent kraal situated at any distance from one of 
larger rivers. In this case an igneous dyke dams back the underground flow along a shallov/ surf; 
depression, and there is a slow oozing of water into a small basin scooped out by the natives on a fl< 
of hard schist, covered by an old gravel bed. 

3. Denudation, Changes in Drainage Systems, Etc. 

The country under review affords material for some very interesting conclusions in connect 
with the results of denudation, and the evolution of the present drainage system. 

One of the most striking features is the contrast which at present exists between the lofty, rugg 
and precipitous ranges of Strydpoort and the Drakensberg, and the low undulating and somew 
monotonous country, which slopes gradually away from the foot of the mountains to the Limpopo a _^ -^ 
to the coast. The striking contrast, as now existing, is entirely due to the different rates at whi '^^ -, 
denuding agencies have acted upon the hard resistant quartzites of the Black Reef Series which form t -1 

berg, and upon the easily-weathered granitic and metamorphosed igneous rocks which constitute t - ^ 
low lying country. That the area to the north of the mountains over which the granite is now expos 
once attained a relative elevation as great as that of the imposing ranges which now bound it on t 
south is clearly shown by the courses of the series of rivers, which rise in the granite area to the sou 
and east of Pietersburg, and now pass through the ranges by a succession of narrow poorts, which ha 
been gradually deepened, until the beds of the streams now lie from one to three thousand feet bel 
their original level. The depth of these gorges, cut in such resistent rocks as the hard and massi 
quartzites of the Black Reef Series, is in keeping with the further evidence to be derived from the fa 
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that enormous masses of material must have been removed from the area now occupied by the granite 
in order to reduce it to its present level, and both of these effects afford impressive testimony to the 
length of the period of continuous denudation, from which the configuration of the present surface has 
resulted. 

A further interesting point, which is clearly brought out in the district, is that those rivers which 
rise on the eastern slopes of the Drakensberg and the Woodbush mountains, and flow eastwards, are 
deepening their channels at a greater rate than those which rise west of the Woodbush Mountains and 
flow southward through the poorts in the Strydpoort Range. 

The more rapid action of the rivers of the former group is no doubt due in the first instance to the 
much heavier rainfall on the eastern slopes of the ranges as compared with that of the country to the 
west, and further to the more easily eroded character of the granitic and schistose rocks of the Low 
Country, consequent on their rapid weathering, as compared with the resistant nature of many of the 
sedimentary rocks, through which the channel of the rivers rising further inland must be cut. 

An important consequence of the greater rate of erosion of the rivers rising on the eastern slopes 
is the gradual capture of the upper portions of the streams rising further west as shown by the Mathlapitsi 
described below. 

The Mathlapitsi River, — ^The rivers, which cut through the Strydpoort Range, include those 

known as Zebedela's, Chunies, Mpathlele's, and Malip's, whose poorts are shown in the Sketch, Fig. i, 

plate XXI. It will be noted that a further poort is shown cutting the range at its highest part between 

the Iron Crown and the Wolkberg. This may be called the poort of the Mathlapitsi. Although no 

river now flows through this poort, it was formerly traversed by the Mathlapitsi, which now affords a 

very interesting example of the capture of the head-waters of one stream by another. There is very 

ciear evidence that the Mathlapitsi has been beheaded by the Letaba, and that the streams draining the 

country around the village of Haenertsburg, which now form the head-waters of the Letaba and whose 

waters do not reach the Olifants River till near the Portuguese border, once formed the head-waters 

of the Mathlapitsi, and flowing southwards through the poort between the Wolkberg and the Iron Crown 

wrcrG discharged into the Olifants River more than a hundred miles higher up the stream than is now 

the case. 

From Zebedela's River on the west to the Mathlapitsi on the east the various poorts and valleys, 
cut through the Strydpoort Range by the rivers flowing southwards to join the Olifants, show a pro- 
gressive increase in depth and wildness, corresponding to the greater elevation of the range above the 
general level, and to the greater breadth of country occupied by the rocks of the Transvaal S5^tem at 
the eastern as compared with the western end of the Strydpoort Range. 

Rising at a point midway between the Iron Crown and the Wolkberg and within little more than 

300 yards of the course of the Letaba, the Mathlapitsi joins the Olifants River at a point 20 miles to the 

south. In its windings through the mountains, however, the river covers a much greater distance. 

^^ the upper half of its course, in which it traverses the rocks of the Black Reef Series, the river has 

carved out for itself a narrow valley, whose floor lies some 1,500 feet below the average level of country 

throiagh which it passes, and 3,000 feet lower than the summits of the Wolkberg and Iron Crown, which 

stand on either side of the head of the v-alley. The scenery along the stream is exceptionally fine. In 

severe.! places, where the river passes through th6 massive quartzites of the Black Reef Series, the vaUey 

^^^^o^vs to a gorge no wider than the bed of the stream, almost vertical cliffs of quartzite rising from 

\^ '^^v^ater to a height of 400 to 500 feet. (See Plates IV. and V.) In these narrower portions 

fhe Only track lies in the bed of the river and the passage down the valley is only possible when the river 

IS low. In the intermediate portions the valley widens a little and small patches of alluvial soil, rarely 

exceeding 50 yards in width, afford an easier passage than the boulder-strewn bed of the river, which in 

many places occupies the whole width of the gorge. Some idea of the character of the valley of the 

-"^thXapitsi may be gathered from the fact that a journey down the river involves crossing the stream 

up^^a^rds of 50 times. 

The evidence of the beheading of the Mathlapitsi by the Letaba is exceptionally clear. From 

tne L^yy Country the Letaba, working along a zone of softer schfsts has cut back into the slopes of the 

oerg ^ deep gorge perfectly straight for a distance of many miles, which just below the spur of the range 

KUOwxi as Letaba Point, has tapped the old valley of the Mathlapitsi. The rapid erosion consequent 

on the diversion of the whole of the liead-waters of the Mathlapitsi into the head of the Letaba has led 

to t\\e excavation of an exceptionally deep and narrow gorge at this point, through which the Letaba 
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now flows at a depth of 70 feet below the level of the old bed of the Mathlapitsi. The latter river now 
rises within 350 yards of the course of the gorge in which the Letaba flows, and for many miles below 
this point the valley of the Mathlapitsi, the finest of the series by which the Strydp>oort Range is traversed, 
is out of all proportion to the tiny stream which now passes down it. 

Just below the point, where the Mathlapitsi was tapped by the Letaba its valley was unusually 
wide, with an extensive alluvial flat a mile in length and half a mile in breadth, narrowing below to the 
fine poort by which the river entered the quartzites of the Black Reef Series. (See Plate VI., Fig. i.) 
By the gradual filling up of the old river bed and the consequent hindrance to its drainage, this flat has 
been transformed into a black soil bog half a mile in width, which even in the dry season is difficult to 
cross. The bog extends even into the poort itself rendering it impassable for horses, so that the valley 
can only be entered by a rocky path crossing the top of the spurs which overlook the poort. For many 
miles below the poort the old valley, though usually forming an alluvial flat from one to two hundred 
yards in width, skirted by almost perpendicular walls of rock from 100 to 200 feet in height, which are 
continued backwards in steep and precipitous slopes to a height of from two to three thousand feet above 
the valley, is now only traversed by a tiny stream of water, which even at times of flood runs in a channel 
which in places is not more than a yard in width. Standing at the present head of the Mathlapitsi one 
can hear the strong and rapid stream of the Letaba rushing down its gorge not more than 350 yards 
distant, and it would not be a difficult piece of engineering to return the present headwaters of the Letaba 
into their old channel in the Mathlapitsi valley. 

A further point of interest in connection with the rivers of the district is the evidence which exists 
that these streams were formerly of very much greater volume and carrying power than they now are. 

In the course of the traverse across the Low Country along a route parallel to the Drakensberg 
and at a distance of about five miles from the foot of the range, during which the numerous shallow 
valleys of the streams forming the head of the Macoutsie River were crossed, it was noticed that con- 
siderable areas of the higher ground, between the several valleys, were covered with a deposit of gravel 
and well-rounded boulders, many of which were from one to two feet in diameter. The boulders are 
mostly of quartzite derived from the Black Reef Series of the Drakensberg to the south. These boulder- 
covered areas are frequently distant more than a mile from the nearest watercourse, and at an elevation 
of 100 feet or more above it. It is probable that they were deposited when the rivers which drained 
the slopes of the berg flowed in somewhat different channels to those now in use. The present streams, 
however, afford no evidence of being capable even in high floods of distributing boulders of the size of 
those mentioned over extensive areas, and consequently the conclusion appears justified that the streams 
draining the slopes of the Drakensberg at some former, though probably not very recent period, were 
of much greater volume than is now the case. 

Similar occurrences of extensive boulder deposits along river courses much greater than can be 
accounted for by the action of the existing streams have been noticed in the Middelburg District and 
are referred to in the accompanying report on that area. 

4. General Geological Structure of the District. 

In the broad features of its structure as well as in the limited number of formations represented, 
the district is geologically a comparatively simple one, particularly in regard to distribution and 
relationships of the sedimentary rocks. As will be seen later, however, the extensive complex of highly 
metamorphosed and intrusive igneous rocks, upon which the sedimentaries rest, is one exhibiting not 
only an immense variety of rock types, but also complicated structural relationships, which can only 
be fully explained when our knowledge of South African geology is much more extensive than it is at 
present. 

The groups of rock represented in the district may be classified as follows : — 

[' Pretoria Series. 
Transvaal System . . I Dolomite. 

(Black Reef Series. 
Swaziland System . . Crystalline Schists, Older Granites, and various intrusive igneous 

rocks. 
In dealing with these groups of rocks a brief description of their general characters, distribution, 
and relationships will first be given, followed by a more detailed description of each group in turn. 

Viewed broadly, the general structure of the district is capable of being very briefly stated. It 
may be said to consist of a basement of extremely ancient rocks, including highly metamorphosed schists 
and gneisses, with numerous later igneous intrusions of both acid and basic rocks, upon which lies 
a thick series of sedimentaries of the Transvaal System, having a general dip towards the south varying 
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feet above the village, at the base of the kranzes which overlook the valley of the Letaba. At this place 
the bankets are well developed, although here, as elsewhere, they vary rapidly in thickness, individual 
beds ranging within a short distance from i to 20 feet. There is usually a well-defined foot-wall, the 
conglomerates resting upon hard shales, but generally there is no sharp division from the sandstone 
beds above, the matrix of the conglomerate being continuous with the sandstone, the pebbles dying 
out gradually. The conglomerates are usually very coarse. The pebbles average three inches in 
diameter, but many reach six, and a few as much as ten inches in diameter, all well rounded. They 
consist for the most part of white quartz, but there are also many of whitish quartzites and banded 
jaspery quartzites very similar to the older rocks which occur to the west in the neighbourhood of the 
Izerberg and Mount Mar6, near Marabastad. There are also a fewpebbles, which are evidently derived from 
the schists below the Black Reef Series. It appears, therefore, that the sediments of the Black Reef 
Series were derived in part from the denudation of areas composed to some extent of the older granite 
and schists, together with rocks of the Mount Mare type. 

The matrix of the conglomerates is of a coarse sandy character, and is usually abundant in 
quantity. When fresh, the conglomerates are hard and very quartzitic, blue-grey in colour, and contain 
a considerable quantity of pyrites with some gold. 

A very interesting feature of the Black Reef Series in this district is the occurrence in certain 
localities, below the white quartzites which form the lowest kranz, of a considerable thickness of shales 
of which no mention has been made in other districts. 

The base of the Black Reef Series is usually formed by the well-marked conglomerate which occurs 
as a rule at or near the bottom of the lowest white or grey quartzite. This is the case at Chunies Poort 
and in the Lydenburg District. In the northern extremity of the Drakensberg, however, a considerable 
thickness of dark green and blue flaggy slates and greywackes frequently underlies the lowest white 
quartzites ; similar conditions prevail to the south-east in the neighbourhood of Olifants Poort 
and probably at various intermediate points. This lowest series consists of dark blue and greenish 
banded slates and flags, with occasional thicker beds of greywacke. These rocks occur below the banket 
at the Pennefather Mine. They vary considerably in thickness, in some places probably attaining as 
much as 500 feet, the Black Reef Series having been laid down upon an undulating surface. The basal 
beds, resting upon the granite and schists, are usually coarse arkoses, but in places become massive 
conglomerates, dark greenish-grey in colour, with beds as much as 20 feet in thickness, composed for 
the most part of fragments of granite with an arkose matrix containing abundant felspar fragments. 
The whole of this lower portion of the Black Reef Series is frequently very schistose in character, and 
in this respect, and in the general character of the rocks, shows considerable difference from the beds 
forming the higher portions, the sheared arkoses closely resembling some of the sheared portions of the 
granite, and the slates some of the older schists. 

Associated with the flags and greywackes at an horizon a little below the lowest white quartzite 
of the Black Reef Series, there is frequently found a weathered, reddish, schistose rock, which appears 
to be a much decomposed amygdaloidal diabase. The occurrence of this rock and the general character 
of the beds with which it is associated suggests a possible correlation of these beds with a portion of the 
Ventersdorp System. They appear, however, to be always conformable to the overlying quartzites 
of the Black Reef Series. 

The lower series of flags and greywackes above described rarely gives rise to any definite feature, 
but produces slopes which merge into those of the granite and schists, and which are in sharp contrast 
with the abnipt escarpment formed by the lowest of the big quartzites of the Black Reef Series. The 
pressure which induced the schistosity of the lower series of shales and arkoses has produced but little 
effect upon the upper quartzites, sandstones, and conglomerates. 

Thickness of the Series. — Perhaps the most interesting feature of the series is its greater thickness 
as compared with its development in other parts of the Transvaal. In the northern termination of the 
Drakensberg the Black Reef Series attains a thickness of 2,500 feet, inclusive of the shales and 
greywackes at the base. 

The distriburtion of the Black Reef Scries coincides with the extent of the Drakensberg and 
Strydpoort Ranges, and its northern limit corresponds very closely with the line of their escarpments. 
It thus occupies a roughly crescentic area, with its centre a few miles to the south of Hacnerlsburg, its 
western limb at Strydpoort, and its eastern limb near Olifants Poort, beyond which it forms the south- 
ward continuation of the Drakensberg. 

(2) The Dolomite and Pretoria Series. 

To the south of the Black Reef Series the Dolomite occupies an inner zone of country giving rise 
to rugged chains of mountains parallel to the Strydpoort and Drakensberg Ranges, and these are sue- 
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grey colour, while in others pink to red varieties are common. A very red variety, somewhat coarse 
in texture, composed of quartz, red orthoclase, a little plagioclase and biotite, occurs frequently along 
the Buffels Road from Pietersburg to Leydsdorp, west of the Middel Letaba River. This variety in the 
hand-specimen bears a close resemblance to the red granite of the Bushveld, from which, however, it 
differs considerably in microscopic characters. It contains microcline, and the quartz and felspar show 
no tendency towards the beautiful granophyric growths so characteristic of the Bushveld granite. 
Similar red varieties of the old granite were met with to the east of the Malips River, about six miles south 
of Smits Drift, and on the kopjes about Palabora. 

A red colouration of the old granite has been noted by Mr. E. Jorissen* and attributed to 
decomposition of the felspars, a cause to which it is undoubtedly due in some cases. In the present 
instances, however, the felspar shows no unusual degree of alteration, and the rocks as a whole are 
much fresher than many specimens of old granite showing no red colouration. The red varieties of 
the old granite are frequently very coarse in texture, and sometimes take on a pegmatitic character. 
In the case of the occurrence just mentioned, the red granite occurs as veins clearly intrusive in grey 
gneisses, which form the ridge along which the Buffels Road ascends from the Middel Letaba Valley 
to the level of the plateau which extends towards Pietersburg. 

Throughout the whole of the granite area pegmatite veins are extremely common. The granite 
is also traversed by numerous basic dykes, usually of diabasic character, and quite unaffected by move- 
ment. On the other hand, dyke-like bands of green chloritic and hornblendic schists are also frequent, 
which appear to have arisen in many cases from the shearing of basic dykes intrusive in the granite, 
and are consequently different in origin from the older basic schists into which the granites themselves 
have been intruded. 

Associated with the granites, syenites occur, though not very commonly. A rock of this type 
was noticed forming a kopje half a mile east of Kitchener's Kop, a j)r()minent hill about half way between 
the eastern end of the Murchison Range and Palabora. A second example is the rock described below 
as occurring on the north bank of the Selati at Palabora. 

A foliated or gneissoid structure is frequently seen in the granites. When this structure is very 
pronounced it is not easy to distinguish between the sheared granites and the older gneisses, the former, 
however, do not as a rule show the sharp and clear banding usually found in the gneisses. 

(6) The Gneisses and Schists. — Gneisses occur throughout the Low Country to the north of the 
Strydpoort and Drakensberg Ranges, although they do not usually crop out as conspicuously as the 
granites. They are of frequent occurrence in the ranges of the Woodbush country to the north of 
Haenertsburg and in the country to the south of the Murchison Range, and are abundantly developed 
in the country beyond its eastern termination in the neighbourhood of the mica and corundum claims. 
The gneisses are usually clearly banded, individual bands not more than a quarter of an inch in breadth 
persisting over many feet. As a rule the bands are straight, and strike in a direction in agreement 
with that of the schist planes in the schists and of the structure of the country generally, that is, from 
N.N.E. to S.S.W. In some cases, however, the banding is much contorted locally. The most common 
type is a distinctly banded grey gneiss with alternating light and dark bands varying from a quarter 
of an inch to several inches in breadth. The light bands are composed mainly of quartz and felspar, 
the latter, which usually includes orthoclase, microcline, and a little plagioclase, j)redominating, with 
a little hornblende or biotite. Tlie darker bands contain a larger proportion of ferromagnesian con- 
stituents, and in some cases are comj)osed almost exchisixely of horn blende, frequently very coarse in texture. 
Such bands, either uniformly composed of liornblende or varied only by other extremely thin and 
scattered bands containing a certain proportion of felspar, occasionally attain a breadth of several feet. 

Schists of all kinds, from highly siliceous to very basic types, occur abundantly throughout the 
granite area north of the Strydpoort and Drakensberg Ranges. As already mentioned, the schists occur 
in more or less narrow belts or zones striking in direction from It^.N.E. to W.S.W., the planes of 
schistosity being as a rule parallel to the long axis of the schist areas. As a rule these planes are vertical 
or highly inclined. In the Murchison Range they frequently have a dip to the north of about 70 
degrees. The schists include a very great variety of types, including talc-chlorite-schist, chlorite-mica- 
schist, actinolite-mica-schist, amphibole-schist, chlorite-sericite-schist, quart z-mica-schist, and others. 
In some cases the schists are composed almost entirely of talc. An example of this kind (540, b. i) 
from a prospecting trench at the Blue Jacket Mine is a smooth, greenish-grey, translucent schist, which 
can be readily carved into any form. A more massive variety, showing traces of the texture of the 
original rock, occurs near the junction of the Olifants and Selati Rivers near Palabora, and is used by 
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the natives for making large oval dishes for the evaporation of brine in the manufacture of salt, the 
dishes being carved out by means of a small hatchet from solid blocks of talcose-schist. 

Throughout the Murchison Range schists arc the predominating rocks, and almost every variety 
is met with. The most common are talcose and chloritic schists, especially those containing a large 
amount of secondary calcite, dolomite, and ankerite. Schists of this type are very generally associated 
with the gold reefs, and are well represented at the Sutherland, Free State, and other mines. 

In some cases certain schists have undergone a greater degree of metamorphism than that of the 
prevaiUng types, with the production of special minerals, as in the case of the schists near the Malalane 
River, referred to more fully below, in which cyanite, tourmaline, and other minerals are associated 
with corundum. 

Besides the intrusive granites, to which reference has already been made, the whole of the schist 
area is traversed in all directions by numerous basic dykes of different ages. In some cases these dykes 
have taken on a schistose structure, either limited to the outer edge or extending throughout the whole, 
and the mineral composition of the rock shows evidence of considerable alteration. In others, which 
appear to be of much later age, there is no tendency to the development of a schistose structure, and 
the rock is a normal diabase quite similar to those found traversing the later sedimentary formations 
of the Transvaal. 

(3) The Relationship of the Granites to the Older Schists and Gneisses, 

Observations on the relationships of the granites to the older schists in the district under review 
agree with those recorded by Mr. E. Jorissen|| from various other parts of the Transvaal. Several 
instances were met with in which the granites were clearly seen to vein the older schists. This was found 
to be the case on the northern slopes of the valley of one of the tributaries of the Malips River, near its 
head, on Lot 361, about four miles south of Haenertsburg. The junction of the granite with the schists 
is well exposed on a path leading from the valley towards the Woodbush Mine. The granite sends 
numerous veins into the schists, and frequently cuts across the schist planes. The intrusive character 
of the granite with regard to the schists was also noted at Palabora, where also a syenite, probably only 
a modification of the local granite, shows the same relationship. At another locality, known as Dears 
Camp, near the eastern end of the Murchison Range, about 20 miles east of the Free State Mine, the 
contact of the granite with the dark green chloritic schists has been well exposed by a series of trenches 
cut in prospecting for tin, small quantities of which are said to have been obtained. The granite in the 
neighbourhood is a coarse grey rock. Along the junction with the schists many veins have been intruded 
into the latter, parallel to the edge of the granite and following the strike of the schist planes. The 
vein nearest the main mass of the granite is very coarse and pegmatitic, with felspars up to three inches 
in length. The next is medium-grained, with rather coarse, soft, greenish mica, and abundant small 
garnets. A little further in the schists a vein occurs which forms a conspicuous outcrop at the surface. 
It consists almost entirely of quartz, enclosing numerous crystals of tourmaline. 

(4) Age of the Granites, Gneisses and Schists. 

An interesting question arises with regard to the age of the granites, gneisses and schists of 
Haenertsburg, the Murchison Range, and neighbouring districts. While there is almost general agree- 
ment among various authors as to the probable Archaean age of these schists, differences of opinion 
prevail as to how far these can be associated with any particular group of our older sedimentary series. 
Molengraaff* groups the Murchison schists with other scries of schistose rocks, associated with the 
Barberton Beds and Hospital Hill Series, placing the whole under Schenck's South African Primary 
Formation, which he regards as probably of Archrean age. 

Hatch and Corstorphinef separating the Witwatersrand System from the Swaziland Beds and 
the rocks of Mount Mar6, group the crystalline schists of the Northern Transvaal with the latter, which 
they refer to the Archaean System. HendersonJ has not noted any characteristics of the Limpopo 
rocks, which would preclude tlieir inclusion in the Swaziland System. . Voit§ from a consideration of 
the extensive areas of gneiss occurring in the Northern Transvaal along the Limpopo, points out that 
these gneisses appear to be almost entirelv metamorphosed igneous rocks, while the Swaziland Beds 
include a large proportion of undoubtedly sedimentary^ strata, and on these grounds is unable to 
correlate the Limpopo gneisses with the Swaziland System, regarding them as probably of much greater 
age, and comparable with the Ur-gneiss formation of Credner. 
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The Gold Reefs of the Murchison Range occur along two well-defined parallel lines or zones some 
three or four miles apart, which correspond with the two lines of hills, which together constitute the 
double range already alluded to. In many respects the two zones resemble each other closely, but the 
more northerly possesses a very distinctive feature in that it almost everywhere carries antimony ores, 
usually in the form of stibnite, associated more or less closely with the gold-bearing reefs. It is conse- 
quently known as the Northern or Antimony Belt to distinguish it from the Southern or Spitzkop Belt. 

The Murchison Gold Reefs show considerable variations in character. The majority of them, 
however, can be placed in one or other of the following three classes, based partly upon structural 
characters, and partly on composition. The three classes as a rule are fairly distinct, although in 
some cases ore-bodies occur which appear to be intermediate between the first two classes given below. 

(A ) Lenticular Reefs, usually composed of coarsely crystalline quartz, or quartz with calcite. 
dolomite, and other carbonates, showing no schistose structure and more or less sharply 

' distinct from the country schists, whose planes they occasionally cross. 

(B) Mineralised Zmies in the Schists, consisting of innumerable lenses and thin sheets of 
crystalline quartz usually associated with calcite, dolomite, and iron-carbonate, 
intimately connected and interleaved with the schists, following their planes of 
schistosity and merging into them on their margins. 

(C) " Black Reefs " or banded ferruginous quartz-schists — schistose quartz rocks with 
numerous bands of ferruginous material, sometimes almost entirely composed of iron- oxides. 

All three classes of reefs occur in both belts of the range. In the Northern or Antimony Line both 
(.4) and (B) may contain antimony, but no occurrence of antimony in reefs of class (C) were met with. 

The reefs of class (A) in many respects do not differ materially from the usual form of mineral 
vein. They are frequently composed almost entirely of vein quartz, usually somewhat coarse in texture, 
without any conspicuous admixture of other minerals. In this case the quartz is usually very white 
in colour, translucent, and somewhat *' hungry " in appearance. In other examples the quartz is 
associated with coarsely crystalline calcite, dolomite, and ferric-carbonate. Perhaps the most striking 
characteristic of this class of reefs is the great breadth of outcrop which they frequently show, and 
their rapid and extreme variations in thickness, both along the strike and when followed in depth, as 
well as their want of continuity in both these directions. This lenticular character they share with 
many other members of the series of rocks of which they form a part, and the same characteristic appears 
to be shown by quartz reefs over much of the granite and schist area to the north of the Strydpoort 
Range, including those found in the neighbourhood of Pietcrsburg. Owing to the extreme whiteness 
and massive character of the quartz, these reefs usually form very conspicuous outcrops — ^whole hill- 
slopes being frequently covered with their d6bris, as in the case of the Shotover Reef, close to Leyds- 
dorp. A good example of a reef composed almost entirely of quartz is that worked for gold at Neill's 
Camp near the Kasteel Kopjes, 30 miles east of Leydsdorp. This reef occurs in bright green siliceous 
chloritic and talcose-schists. The main body is as much as 250 feet in thickness, forming the greater 
portion of a low kopje. In consists for the most part of pure white granular quartz, varied in places by 
bright green chloritic streaks, and grepsh patches consisting of needles and bunches of antimonite. 
Pyrites also occurs in places. Branch veins, varying in width from a few inches to several feet, traverse 
the schists on the south side of the main body, and are worked for gold. These veins, while following 
in general the planes of schistosity of the country rock between which they send off many smaller branches, 
frequently break across the schist planes. In general appearance the branch veins resemble the main 
body but are marked more abundantly with dark grey streaks of antimonite and frequently show 
numerous coarse grains of gold affording very handsome specimens. The gold is most abundant near 
the margin of the veins, where the antimonite is also more plentiful, and the rock is frequently very 
full of coarse pyrites. At its margin also the reef includes portions of the neighbouring schists. Under 
the microscope the schists are seen to be composed of elongated quartz grains arranged in irregular rows 
parallel to the schist planes, with interrupted bands and lenticular aggregates of crystals of calcite and 
dolomite, the whole traversed by films and sheets of scales of talc and pale green chlorite. They rarely 
carry more than traces of gold. The reef itself gives very interesting sections under the microscope. 
The rock consists for the most part of a coarse mosaic of inter-locking quartz grains of very irregular 
outline, the majority showing strain effects, and traversed by trains of minute inclusions, passing 
from one crystal to another. Gold and antimonite are distributed throughout the rock and are 
frequently in contact with one another, filling the same series of connected interspaces between the quartz 
grains, the gold also occasionally enclosing the antimonite. Both gold and antimonite frequently show 
good crystal forms, the gold in small octrahedra, the antimonite in slender prisms. In other cases the 
gold appears to be moulded by the adjacent quartz grains. Small cubical crystals of pyrites also occur 
scattered through the section. 
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In mining, only the richer portions of the vein are worked. They are selected by following the 
visible gold or by the results given by panning. Owing to the scarcity of water at the mine, the rock 
is carted to the Melati River, a distance of four miles, for treatment, and only that which yields an ounce 
or more to the ton is dealt with. 

The reef at Neill's Camp is a good example of one of those small mining propositions of which many 
could probably be profitably worked in the Murchison Goldfield, were the conditions with regard to 
transiM)rt and access more favourable. 

lenticular reefs, in which the carbonates of lime, magnesia, and iron are abundantly associated 
with quartz in the gangue, occur very frequently throughout the Murchison Range. None of the 
examples seen attain such great thicknesses as the reefs composed chiefly of quartz. Two such reefs 
occur, with other ore-bodies, at the Free State Mine, and are known as the Main and South Reefs. On 
the first of these the mine was originally opened up, later operations having been mainly devoted to 
the development of a reef known as the Pyritic Reef, of the type described under class (B). 

The Main Reef at the Free State Mine offers a good illustration of the reefs of class (A). It 

consists for the most part of coarse reef quartz, mingled with calcite, dolomite, and iron carbonates. 

In some places the carbonates predominate, and are aggregated in vein-like masses in the quartz. 

Antimony (antimonite) and gold occur throughout the vein, the former in bunches and masses of 

considerable size, the latter occasionally visible in coarse grains in the (juartz. The reefs dip steeply 

at about 80 degrees to the north, varying from this to an almost vertical position. The strike agrees 

with that of the planes of schistosity of the country rocks. Like nearly all examples of this type in the 

district, the reef varies very much in thickness, both horizontally and vertically. It ranges for a 

considerable distance between 3 to 10 feet. In one place it attains a widtli of nearly 20 feet, while in 

others it disappears, to appear again or to be replaced a little further on by a similar lenticular body, 

not necessarily on precisely the same line of strike. 

The South Reef at the Free State Mine presents similar characters to the Main Reef above 
described. A third similar ore-body has been exposed at the surface about 200 feet to the north of the 
eastern shaft of the mine. Where exposed it is about 20 feet in width, including portions of the country 
schists enclosed in the reef. Like the Main and South Reefs, the reef matter consists mainly of coarsely 
c^rystalline quartz, with carbonates of lime, magnesium, and iron, and further includes carbonates of 
chopper as malachite and azurite, and some bornite. 

Many minor lenticular deposits of various minerals occur throughout the schists besides the 
TTiore conspicuous bodies. Some interesting examples arc found among the schists on the southern 
side of the kopje, which overlooks the Free State Mine, and lies approximately on the strike of the reef. 
Some of these small lenticular deposits of vein material are represented in plan in Fig. 2, and are of 
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special interest as illustrating very clearly on a small scale the mode of occurrence of the larger and 
more important bodies. The rock in which these lenticles occur is a hard green talcose and chloritic 
schist of a t5T)e common in the Murchison Range, but exceptionally schistose. The lenticles which are 
of cver\' size from a length of 20 feet downwards, as shown in the figure, are composed in some cases 
almost entirely of pure white very coarsely cr\'stalline calcite, which is traversed, usually in a transverse 
direction, by small irregular veins and strings of quartz, which also occurs in places along the edges of 
the lenticle. Thin films of schist sometimes traverse the calcite masses. In some of the lenticles 
yellowish or pinkish-grey dolomite appears to replace the calcite in irregular and nodular masses, which 
stand out from the surface on account of their greater resistance to weathering. In other examples 
the dominant material of the lenticles is quartz, with subordinate amounts of calcite and dolomite. 
The form and mode of distribution in the schists of these small deposits appears to represent very fairly 
on a small scale that of the larger lenticular reefs. The manner in which the latter increase or 
diminish in thickness, die out and are succeeded by others along the strike, and the occurrence of 
several bodies side by side, has been remarked upon by nearly all the observers who have examined 
these reefs. It leads to very different sections being obtained at different points along the strike in 
either of the belts of reefs in the Murchison Range, even within the limits of the workings of a single 
mine. 

Of similar character to the reefs above described are the Murchison-Crown, Shotover, Bonanza, 
Blue Jacket, and Gravelotte, and in the eastern portion of the range the Pioneer and Caledonian. 

The reefs of Class (B), which have been referred to as mineralised zones in the schist, usuallv 
differ very considerably in character from those of class (.4). While not so clearly differentiated from 
the country rock, into which they occasionally merge almost imperceptibly, they are much more constant 
in width, are continuous over greater distances, and in those cases where they have been followed appear 
to preserve their character in depth. 

This type of reef apparently attracted little notice in the earlier stages of mining in the Murchison 
Range, and it is only comparatively recently that attention has been directed towards such mineralised 
zones. The best example of this type is that at the Free State Mine known as the Pyritic Reef, upon 
which development and exploratory work has been carried to a considerable extent, the workings having 
been carried down to close upon 450 feet, the greatest depth attained in the Murchison Range, if we 
except the Sutherland Reef, near Leydsdorp. 

The country rocks at the Free State Mine are greenish talcose and chloritic schists, frequently 
rather soft and greasy to the touch, but occasionally very hard and siliceous, with a slaty or flaggy 
cleavage along planes determined by the presence of numerous flakes of chloritic and sericitic material. 
The more siliceous portions frequently form sharp ridges with conspicuous slab-like outcrops along 
the crest, a type shown in Fig. 2, Plate VI. 

The more basic varieties of schist, composed mainly of talc and chlorite, sometimes contain very 
perfect, brilliant, octahedral crystals of pyrites from one-eighth to one inch in diameter. In some cases 
the crystals have been distorted by pressure. Along the outcrops of the rocks containing the crystals, 
limonite pseudomorphs occur abundantly on the surface. 

The P5^ritic Reef of the Free State Mine consists of a well-defined zone in the schists consisting 
for the most part of quartz having a schistose structure, dependent upon the occurrence of numerous 
planes marked by the presence of films of chloritic, talcose, and sericitic material. The rock is such 
as might be produced by the abundant infiltration of quartz between the fine laminae of a talc-chlorite 
schist. In some places the individual bands of quartz between the separation planes are from one- 
sixteenth to an eighth of an inch in width ; in others they swell out to two or three inches 
or more, and are then usually distinctly lenticular in character. Occasional lenticles up to a foot in 
width are met with. The quartz is dark grey in colour, very fine in texture, and translucent. Asso- 
ciated with it are calcite and dolomite. Disseminated thickly throughout the rock, but more abundant 
in certain bands, especially those with many chloritic partings, are abundant crystals and aggregates 
of coarse pyrites forming patches one-sixteenth to one-eighth of an inch in diameter. In many cases 
these have been broken and drawn out by shearing, the effect of which is also evident in the rock as a 
whole, which in place has an " augen " structure, the quartz being drawn out into eyes separated by layers 
of calcite and other carbonates, talc, and chlorite. It is evident, therefore, that the schistose character 
of the rock has been developed in part at least after the deposition of the quartz and pyrites. Veins 
and masses of antimonite occur in places. 

Under the microscope thin sections of the Pyritic Reef show a very marked schistose stmcture. 
The rock consists largely of rather coarsely crystalline quartz in interlocking irregular grains with an 
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almost equjil quantity of calcite and dolomite. The quartz grains show a marked tendency towards 
uniformity of dimensional arrangement with their longer axes parallel to the schist planes, and frequently 
show strain shadows. The schist planes are marked by aggregates of scales of chlorite interspersed 
with a few flakes of talc. There are abundant aggregates of broken crystals of pyrites, elongated in 
a direction parallel to the schist planes. 

The Pyritic Reef dips at 80 degrees to the north in agreement with the general dip of the schist 
planes in the neighbouring rocks ; and it is from two to seven feet in width, averaging four to five feet. 
In some places the reef is sharply defined from the coimtry schists, while in others it merges more gradually 
into them by the increase in width of the talcose partings between the more quartzose bands. In 
places rock similar to the country schists divides the reef into two or more portions. The reef presents 
a similar appearance at a depth of 400 feet to that shown in the upper levels of the mine. The Pyritic 
Reef is stated to yield satisfactory gold values, and to be very consistent throughout its extent. Visible 
gold has not been detected. Reefs of this type form no conspicuous outcrop at the surface, and kre 
difficult to distinguish from the adjoining schists. Similar reefs have been exposed in other workings 
along the same line of country. 

Reefs of Class (C), known locally as " Burnt " or '' Black Reefs," have a very characteristic 
appearance, usually resembling a quartzite with narrow magnetite bands, the ferruginous constituent 
becoming occasionally so predominant that the whole reef appears to consist of oxides of iron, and is 
quite opaque in a thin section. These reefs frequently have a rather conspicuous outcrop, can be traced 
continuously over long distances, and are usually associated with the more siliceous or quartzose varieties 
of schists as country rocks. The general lithological characters of the rock and its mode of outcrop 
are so like those of a banded magnetite quartzite as to strongly suggest at first sight a sedimentary 
character. The writer, however, has not been able to recognise, either in the " reefs " themselves, or 
in the associated schists, any characters which could be taken with certainty as establishing such an 
origin. The rocks are now thoroughly met amorphic in character, and appear to be special zones in 
the more siliceous schists, mineralised along certain bands carrying gold and pyrites, the latter altered 
near the surface to oxides. Should this be a true explanation of their character, they are closely related 
in origin to the class of reefs last described, from which, however, they differ markedly in appearance 
and in the absence of the many minerals which accompany the gold and pyrites in the reefs of class B. 
The best known reef of this type is that occurring on the farm Coblenz, about three miles from 
Tliabine, at the western end of the Murchison Range. It may be described as a banded ferruginous 
quartz-schist. A very good outcrop of the reef is seen on the northern side of the hill through which 
*t passes, known as the Mashambane Mountain. The outcrop is just above the most easterly adit. 
The reef is here a massive quartz rock, finely banded with dark ferruginous bands, very straight, and 
clearly defined. In fallen blocks, which are usually sharply angular, the rock resembles a fine- 
grained quartzite with sedimentary banding. In places the banding is much contorted. At No. i 
shaft, which has been sunk to a depth of 100 feet, the reef also crops out at the surface, but in a very 
t>roken manner. It is, however, quite regular below. Here the reef is nearly vertical, dipping to the 
north at 78°, with a width at the shaft bottom of 34 feet. Compared with the outcrop above the east 
^<iit the rock is very much softer in character. It is mainly composed of finely granular, or, where much 
Weathered, sugary quartz, white, yellowish, or pink in colour, with dark brown ferruginous bands, which, 
viewed across the strike, are frequently contorted. The rock is in places loose and friable, and the 
^^rruginous bands sometimes incoherent and crumbling, or showing empty spaces previously occupied 
py crystals of pyrites. It is traversed by a few veins of sugary white quartz. In some portions the reef 
is largely composed of somewhat glassy, dark brown or grey quartz, irregularly banded, with included 
P3.kes of greenish schistose material. Thin sections show the rock to be composed mainly of quartz 
^^ interlocking grains, with very irregular outlines, but for the most part roughly oblong in shape, with 
^he longer diameters parallel to the banding of the rock. There is no trace of secondary growth. The 
quartz grains show strain shadows, and are arranged in alternating coarser and finer bands. The finer 
"^ds contain much iron-oxide in the form of magnetite, haematite, or limonite. The country rock 
^^ the north side of the Coblenz Reef consists of light green somewhat siliceous schists. At a distance 
^^ 50 feet to the north of the main reef there is a second banded reef rich in iron, but said to carry 
^^ gold. On the south side the country rocks are also green siliceous schists, in which at a distance 
^t about 400 feet from the reefs runs a specially hard zone which usually has a very prominent outcrop, 
^^i at the Coblenz Mine forms a conspicuous kranz along the crest of the Mashambane Mountain. 
TWs conspicuous zone of siliceous schist is known as the Mamba Bar, and a similar rock, occupying 
proximately the same horizon, can be traced for many miles eastwards along the Murchison Range. 
The Mamba Bar rock is a very hard, siliceous schist, with vivid green partings, which have a shimmering 
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lustre and a finely crumpled or undulating surface, which has been compared to the skin of a snake 
— hence the name. TTie rock usually breaks up into laminae a quarter to half an inch in 
thickness. Near the Coblcnz Reef it tends to break up into elongated fragments having a curious 
resemblance to split blocks of timber. Like the Coblenz Reef, it is frequently veined with quartz. The 
Coblenz Reef is stated to carry good gold values, and has attracted a good deal of attention at various 
times. It is regarded by some mining engineers as the most important line of reef in the Murchison 
Range. The workings, however, are not very extensive, and have not penetrated beyond the 
zone of weathering. A reef exactly similar in appearance and general characters to the Coblenz Reef, 
and regarded as a continuation of it, known as the Coblenz Extension, has been opened up by three 
prospecting shafts at a point three and a half miles W.N.W. of Leydsdorp. The reef is here nine feet 
in Midth, and is separated by about i6o feet of light green siliceous schists from a zone of harder schists, 
identical in appearance with the Mamba Bar of the Coblenz Reef. It is stated to carry gold throughout 
its width, certain bands, not alwaj'S occupying the same relative position in the reef, being richer than 
others. Under the microscope the appearance of the rock is very similar to that of the Coblenz Reef 
above described, with the exception that the quartz includes numerous delicate needles and fibres of 
sillimanite. In the rock from the deepest shaft at loo feet the cavities in the quartz are still occupied 
by crystals of pyrites, in cubes and pyritohedra. It is probable that all the reefs of the " Black " or 
" Burnt " type are strongly pyritic in depth, and also that with regard to gold contents surface- 
enrichment has taken place in the weathered zone to a greater or less extent. 

Reefs of the type just described occur throughout the Murchison Range in both the northern 
and southern belt, although they do not appear to have attracted so much attention as the more 
conspicuous white quartz reefs with their visible gold. Mr. A. R. Sawyer* describes the reef at La 
France Mine as of this type, the reef matter containing from 33 to 35 per cent, of ferric oxide and about 
50 per cent, of siUca, with a little alumina. The reef becomes pyritic at 100 feet. A httle arsenic is 
present in the ore. Reefs of this class also occur, together with those of other types, at the Free State, 
Gravelotte, Daisy, and other mines, and in the eastern portion of the range the Rainbow is of a similar 
character. 

(b) The Woodbush Goldfield. — In addition to the reefs of the Murchison Range proper, gold is 
worked in other localities in the district under review, notably at several points along the slopes and 
escarpment of the Strydpoort Range. The best known of these localities is that immediately south 
of Haenertsburg, known as the Woodbush Goldfield. The Woodbush Gold Mine, with a small battery 
of 10 stamps, is picturesquely situated in a deep kloof on the face of the berg, and has been carrying 
on operations for a number of years, mining being considerably helped by the fact that wood and water 
are abundant in the neighbourhood, and the cHmate is healthy. 

The country rock at the Woodbush Mine is a light grey granitic rock consisting mainly of quartz 
and felspar. In places it is somewhat schistose in character, and is traversed by numerous small veins 
of quartz. The reefs, which appear to have been developed along lines of fault, are highly inclined, 
dipping 70 to 80 degrees to the N.W. and striking N.E. and S.W. in general agreement with the strike 
of other faults and of the schist planes in the neighbourhood. Two parallel reefs have been worked 
to a considerable extent, the " Iron Crown " and the '' Never Despair," which lie a few feet apart from 
each other. The Iron Crown varies in width from 5 inches to 2 feet ; the Never Despair from i to 9 
inches. Both are quartz reefs carrying in places a considerable proportion of coarsely crystalline 
calcite, with a little dolomite. The gold, which is stated to vary from 5 dwt. to 3 oz. per ton, is fre- 
quently visible, and is occasionally enclosed within the calcite crj^tals. Iron pyrites is abundant in 
portions of the reef, and copper pyrites and a little malachite also occur. Cross stringers are frequent, 
and often carry fairly rich gold up to 2 oz. per ton, but usually die out in a few feet, and are rarely 
followed. 

About six miles to the south-west, along the Strydpoort Range, and situated at a considerable 
elevation in a slight break in the escarpment at the Scandinavian Mountain (see Fig. i, Plate XXL), 
are the workings known as the " New Found Out," at present being energetically opened up by three 
tributors. The mine lies 1,300 feet above the road which leads to the head of the valley below, and 
one of the greatest difficulties in connection with this and several other similar enterprises is that of 
getting machinery up the slopes of the berg, which are quite inaccessible for vehicles. 

The reefs at the " New Found Out " are associated with the zone of faulting referred to 
previousl5^ The reef which carries the gold is from 12 to 15 inches in thickness, almost vertical, 
striking N.E. and S.W., with a slight dip to the N.W. It consists of grey and white quartz, spongy in 
places, with nuich iron-oxide. It shows some visible gold, and is said to carry good values. The 
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country rock is sheared granite. Close to the gold-bearing reef and parallel to it is a barren reef of 
coarse white quartz, about three feet in thickness. 

The " New Found Out " Reef is interesting from a geological point of view on account of the 
general coincidence of the direction of the faulting with which it is associated with that of the main fault 
planes and of the shearing planes throughout the country to the east, including the Murchison Range. 
Similar fault and shearing planes have affected the Black Reef Series in many places in the eastern portion 
of the Strydpoort Range and the northern portion of the Drakensberg, giving rise, as described else- 
where, to the rugged scenery of the neighbourhood of Mamoutzouri. These fault planes further coincide 
with the general direction of shearing throughout the schists of the Murchison Range and surrounding 
districts, and appear to have been determined both in origin and direction by movements along the 
schist planes of the okier rocks, upon which the Black Reef Series here rests. 

Prospecting work has been carried on at several other localites on the south side of the 
Strydpoort Range, which appear to lie along the same or a similar line of faulting. 

(c) The Black Reef Conglomerates. — In addition to the reefs described above, the conglomerates 
or "bankets" which occur more or less constantly near the base of the Black Reef Series along the 
escarpment of the Strydpoort and Drakensberg Ranges, carry gold in places. The general characters 
and relationships of thesa rocks have already been described. The most extensive operations in the 
way of opening up the conglomerates are those which have been carried out at the Pennefather Mine, 
located high on the escarpment of the Drakensberg, about 2^ miles west of the most southerly bend in 
the Letaba River. (See sketches on Plate XXI. and map, Plate XXXII.) 

The conglomerates are here well developed, but vciy variable in thickness, individual beds 
ranging from one to twenty feet. There is a well defined foot wall of shales, which belong to the lowest 
portion of the Black Reef Series, while upwards the conglomerates merge gradually into coarse grits 
and sandstones. The pebbles and boulders range up to 10 inches or more in diameter. The beds dip 
to the south at from 5° to 10°. The banket is well seen in two drives, one of 196 feet, and a second 
of 200 feet, situated 300 yards further south. Owing to the passage of water above the underlying 
shales, the conglomerates are much weathered and oxidized, and readily fall to pieces when mined. 
In the unweathered rock the pebbles, mostly of white quartz, and of irregular size, lie in a dark bluish- 
grey quartzitic matrix, rather coarse in texture, throughout which occur crystals of pyrites, which 
appear to be most numerous near the surface of the pebbles. 

In the north drive two beds of conglomerates are separated by a layer of sandstone, the gold, 
which is occasionally visible, being for the most part distributed throughout from i ft. to 18 inches of 
conglomerate above the sandstone. In the south drive, where the conglomerate is undivided by sand- 
stone, the gold is stated to occur mainly in an ill-defined layer of the conglomerate, about one foot in 
thickness, distinguished by being composed of larger pebbles than the rest of the rock. On account 
of its much weathered and friable coiidition the rock is easily worked for some considerable distance 
inwards from the outcrop. 

(d) Alluvial GoM.-— Closely connected with the Black Reef conglomerates is an alluvial deposit 
securing high up on a small plateau at an elevation of about 5,600 feet, overlooked by the summit of 
the NVolkbei^, which rises 1,400 feet above it at a distance of about one mile to the south-east. The 
•^IHJsit is of interest on account of the rareness of workable alluvial deposits in this district, as in other 
Pa-rts of South Africa. 
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The gold-bearing deposit lies along a small spruit draining a dip-slope of grits and bankets of 
the Black Reef Series, probably corresponding to the horizon of the bankets at the Pennefather Mine. 
(See Fig. 3.) The gold is derived from the disintegration of the banket, and has only travelled a short 
distance from its place of origin. The alluvium consists of 4 or 5 feet of rather fine dark soil, one foot 
of sandy soil and fine gravel, and i to 3 feet of gravel with occasional boulders up to 2 feet in diameter, 
with a compact cement-like matrix. The gold lies mainly in the fine and coarse gravel, especially where 
a more level portion of the bed of the spruit follows on a steep fall. The average yield is stated to be 
2 to 4 dwts. per cubic yard. Gold is also disseminated through the upper soil to the extent of about 
I dwt. per cubic yard, a quantity considered payable by the present holders, who purpose to work it 
by hydraulic processes, water being plentiful for the greater part of the year. A portion of the ground 
was formerly worked by carting to the next spruit, a distance of about half a mile, and /2,ooo worth 
of gold was extracted in this way. 

Considerable areas of gold-bearing alluvial ground are said to occur at various localities along 
the courses of the Selati and Letaba Rivers, upon which a good deal of prospecting work has been done 
with results regarded as encouraging. Where the conditions are favourable it has been proposed to 
work these deposits by dredging methods. 

(2) Antimony. 

Occurrences of antimony ores are numerous in the reefs which follow the more northerly of the 
two lines of hills which constitute the Murchison Range. This northern line is on this account usually 
spoken of as the Antimony Line. 

The antimony occurs in reefs of the classes {A) and (B), referred to above. It is associated with 
gold, iron pyrites, and small quantities of various ores of copper. The commonly occurring antimony 
ore is stibnite or antimonite, with some yellow oxide (antimony ochre) near the surface. 

In reefs of the class to which the " pyritic reef " of the Free State Mine belongs, consisting of 
highly mineralised zones in the schists, the ore occurs as bunches, masses, and irregular veins of coarsely 
crystalline antimonite both in the reef and in the adjoining schists, being distributed in places in small 
quantities over a width of 30 to 40 feet. Individual masses and vein-like bodies a few feet in length 
frequently attain a width of a foot or more. 

Antimony also occurs in the lenticular reefs consisting of quartz and the carbonates of lime, 
magnesia, and iron, described under class (A ). In these reefs the antimonite is very generally distributed 
through the quartz in cloudy grey patches, streaks, and veins, in the form of slender needles and 
aggregates of small crystals, frequently intimately associated with gold. The occurrence of unbroken 
delicate needles of antimonite in the quartz of these lenticular reefs, and the absence of any schistose 
structure points to their being of later origin than the schistose reefs or mineralised zones previously 
referred to, in which stout crystals of iron pyrites are frequently broken, drawn out, and distorted. 
Considerable masses of antimony up to one or two feet in diameter occur in places in the lenticular 
quartz reefs. 

Although comparatively little attention has been given to the antimony deposits of the 
Murchison Range, it appears very probable that should cheaper transport ever be available they would 
become of considerable economic importance. 

(3) Copper, — The Palabora Copper Deposits, 

The ancient workings for copper at Palabora have long been known, and have at various times 
attracted a good deal of attention to that locality from prospectors, who, however, appear to have con- 
fined themselves to pegging claims over an extensive area, no effort being made to add to the information 
respecting the extent and character of the deposits afforded by the shallow native workings. 

Palabora is the name given to a locality situated some 40 miles due east of Leydsdorp, on the Selati 
River, about five miles above its junction with the Ohfants. The distance by road from Leydsdorp 
is from 60 to 70 miles. In the neighbourhood are several small native kraals inhabited by Kaffirs of 
Seccocunie's tribe. These kraals are the last met with in going eastwards from the Murchison Range. 
Beyond Palabora the country is entirely uninhabited, and is traversed by only one obscure path, 
followed by Kaffirs travelling to Portuguese territory. The country on the whole is low and flat, 
diversified by occasional groups of granite kopjes of characteristic form. (See sketch. Fig. i.) 

Away from the main rivers water is extremely scarce. West of Palabora the country is largely 
covered with coarse sandy soil, with frequent outcrops of granite ; while to the east rough stony ridges 
of granite, pegmatite, and schists become more and more the predominant features. The country is 
covered with low timber with a rather scanty undergrowth of coarse grass, very rank along the vleis 
and rivers. 
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Palabora can be approached from the Murchison Range by two routes. One starting from the 

La France Mine strikes the Selati near the point where it is joined by the Melati, and touching the river 

at intervals of a few miles follows it more or less closely to Palabora. The second route, passing Louws 

Kop near the eastern end of the Murchison Range, follows for some distance the watershed between the 

Selati and Letaba Rivers, and then approaches Palabora from the north. The first route is the shorter 

and better marked, and has water at frequent intervals, but two or three watercourses with very steep 

approaches make it somewhat difficult for heavy wagons. The second route is ahnost waterless from 

near the Free State Mine to Palabora. Near NeiU's Camp, 12 miles east of the Free State Mine, there 

IS water in the Melati River four miles from the road ; at Siluans Kraal, about 20 miles from* NeiU's Camp, 

a very limited supply of water can be obtained, and water can also be had bv digging in the bed of the 

big spruit crossed bj^ the track just beyond the hill known as Kitchener's Kop, some 16 miles further 

eastward. This route is very faintly marked, and difficult to follow unless known. 

The copper deposits at Palabora occur in and around a broad bush-covered hill, known as Lulu 
Kop, situated about three miles north of the Selati River. The kop is about one mile in diameter, and 
rises some 200 feet above the general level (Fig. i). The highest portion of the kop forms a U shaped 
ridge the two limbs of the U being separated by a small valley opening towards the north. The most 
clearly exposed native workings for copper are along the top of the ridge and are most numerous near 
the middle of the U, where a low shoulder runs off to the south. The lower slopes of the kop merge into 
a surrounding zone of low undulating ground, about two miles in width, thickly covered with bush and 
low timber. Round the edge of this lower ground occur numerous granitic kopjes, some of which are 
surmounted by conspicuous weathered-out blocks. Lulu Kop is composed almost entirely of coarsely 
crystalline white limestone or marble. On the north and west the limestone appears to be boimded 
by the granite, but on the south and east the lower ground is for the most part covered either by soil 
consisting largely of small fragments of a green pyroxene mineral, derived from the rock described below, 
vvhich merges into a syenite near the Selati River, or by fragments of concretionary limestone of surface 
origin. The slopes of the kopje itself are covered with limestone debris and fragments of magnetite, 
^nd in no place was the contact of the limestone with any other rock observed. Several large diabase 
dykes traverse the flat low ground around the kop, and form almost the only outcrops. 

Natural exposures of the rock are few in number and of small extent, but it can be seen in 
numerous native workings for copper, which extend over almost the whole extent of the kop. These 
native workings consist for the most part of shallow pits six to ten feet deep, and from ten to twenty 
feet or more in diameter, each with a small heap of debris resulting from the working of the limestone. 
On the western end of the kop the pits and debris heaps are completely overgrown and the rock frag- 
nients much weathered, while at the south-eastern end the workings, though not very recent, are still 
comparatively fresh. In the earlier pits the excavations appear to have been limited to following such 
small pockets as were indicated on the surface ; in some of the later workings an attempt has been made 
fo follow certain bands rich in magnetite and copper ores into the solid rock. An example of this tyj)e 
's shown in the photograph, in Plate VIL, representing workings about 200 yards west of the beacon 
^n the highest portion of the kopje. Near the western end of the summit of the kop a more or less 
>vell-defined band of ore-bearing limestone has been followed for a distance of about 50 yards by an open 
cut vdth what might be called a small shaft in one place, consisting of an approximately square 
excavation about four feet in width and 12 feet in depth. 

In such more definite workings it can be seen that small veins and pockets of ore were mined out, 

^ far as could be done without the expenditure of too much labour on barren rock. Such excavations 

probably belong to the latest period of working the deposits. This appears to have been at no very distant 

date, as the workings appear not very old, and a Kaffir, " Kleinboy," 30 years of age, from the adjacent 

kraal, states that his father was one of those who worked the Palabora copper. The same boy has in 

^^^s possession an iron mining hammer, made in hatchet fashion with an edge at one end and a striking 

"c^-d at the other. These were used with chisels by the Kaffirs in mining the limestone, both tools being 

of local manufacture. The natives also made hoes from the iron ores of Palabora. The copper and 

iron ores from Lulu Kop appear to have been carried to the Selati and there smelted ; traces of native 

smelting operations being found along the river. About the old workings on the kop hammer-stones 

^^^ to be found similar to those found in old workings in other parts of South Africa. They are 

nsually elongated stones, about 10 inches in length and 4 in diameter, with the end flattened from use. 

They ^gj.g probably selected by the workers from the water-worn pebbles of a river bed, and appear to 

"^^e been chiefly used for separating pieces of ore from useless rock. Judging from the character of 

^"^ fragments in the dumps, the natives appear to have carried out a careful process of sorting before 

^-^^^^g away the richer portions of the ore to the smelting works. After smelting, the copper was 

i^^ulded into the well-known characteristic " copper-sticks " or " marales," which were used as 

^^^^ency. None of these " marales " are now in possession of the local natives. 
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The Palabora Lifnestone is white in colour on fresh surfaces, weathering to yellow and brown 
from the oxidation of the magnetite it contains. In texture it is finely to very coarsely crystalline, the 
individual crystals ranging up to half an inch in diameter. In some places there are indications over 
short distances of an approach to bedded structure, the individual beds being horizontally disposed 
and from one to four feet in thickness, but these are not sufficiently distinct or persistent enough to 
warrant their being taken as representing original stratification in the rock. In many places, however, 
there is to be seen an indefinite banding of the rock in almost vertical planes, marked by material of 
different degrees of hardness as shown by their slightly different rates of weathering, and in some cases 
by difference in structure and in composition due to the presence of special minerals along certain bands. 
In some planes magnetite is especially abundant in sharply-defined masses, in other cases special planes 
are differentiated by the presence of abundant pale green prismatic crystals of apatite about one- 
sixteenth of an inch in thickness. The direction of the banding appears to vary in different portions of 
the kop. If the limestone is of sedimentary origin, the banding may represent traces of the original 
bedding, the development of certain minerals along special bands being due to original differences of 
composition. Whatever may have been the origin of the limestone, it has certainly undergone a 
process of entire re-crystallisation with the separation of various minerals, such as the. apatite 
and magnetite already referred to. 

Magnetite is distributed almost ever5^where throughout the limestone. It occurs in grains, 
crystals, and masses, varying from a fraction of an inch to six feet or more in diameter. It usually 
shows sharp crystal outlines and in some places beautiful individual crystals up to lo inches in diameter 
are to be seen. The crystals appear to be usually octahedra, sometimes with the edges truncated by 
the dodecahedral faces. The weathered out magnetite forms a large part of the debris covering the 
slopes of the kop. The fragments are usually much worn, and frequently show distinct polarity. On 
account of the abundance of the mineral, a compass is useless on Lulu Kop, making exact observations 
with regard to the direction of various bands in the limestone somewhat difficult. The magnetite is 
especially abundant along certain bands in the limestone, in which it forms the greater portion of the 
rock. These bands are more or less vertical, usually from three to four feet in thickness, and appear 
to have been followed in places for considerable distances. They do not show great constancy of strike, 
though the prevailing direction noted in several instances was from N.E. to S.W. The bands rich in 
magnetite and copper ores are not sharply differentiated from the mass of the limestone, which also 
carries magnetite and copper in small quantities. The copper occurs mainly as the carbonates 
malachite and azurite, and is closely associated with the magnetite, being frequently abundant in the 
interstices between the magnetite crystals. The copper ores constitute only a small proportion of the 
rock. In the exposures at present visible individual masses rarely exceed three inches in diameter, but 
larger pockets of ore were probably mined out in some of the old workings. Chalcopyrite is found in 
places disseminated in small quantities throughout the limestone, but is not of frequent occurrence in 
the surface workings. Native copper was observed in one instance by Mr. T. G. Trevor in some workings 
on the lower slopes of the kop on the S.E. side. 

Owing to the superficial nature of the native workings at Palabora, which do not appear to have 
been supplemented in any way by the numerous prospectors who have at various times visited the 
locality and pegged out claims, no very definite idea can be formed of the value of the Palabora copper 
deposits. Nothing which could be described as a definite lode has been anywhere exposed, but on the 
other hand indications of copper are so abimdant, not only in the limestone, but in the adjacent igneous 
rocks, that the locality must be regarded as one worthy of a more complete examination than it has 
yet received. 

Besides magnetite and copper-ores, the Palabora hmestone contains in places various other 
minerals. Along certain zones well-defined prismatic crystals of pale greenish apatite are fairly 
abundant, and stand out conspicuously on weathered surfaces of the limestone. A light green mica, 
frequently much altered to chlorite, but occasionally fresh, occurs in portions of the limestone in flakes 
sometimes as much as one and a half inches in breadth. It occasionally forms well-defined crystals, 
which are nearly always closely associated with magnetite, which has crystallised later than the mica 
and partially encloses it. 

In one locality, near the contact of the limestone with a diabase dyke, a reddish brown mica is 
developed abundantly in the limestone, mostly in small sharply-defined crystals about one millimetre 
in diameter, but also forming larger plates up to one inch in breadth. 

The question of the age and origin of the Palabora limestone is an extremely interesting one. 
With regard to the first point, all the evidence at present available appears to point to the limestone 
being of an age comparable to that of the gneisses and schists of the district, and not to any more recent 
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the granitic magma having been modified in composition owing to the influence of the limestone. The 
neighbourhood of the junction of the pyroxenite and the hmestone is, however, everywhere covered 
with soil and surface debris, and no place was found where it was possible to make out the mutual 
relationships of the two rocks. 

The syenitic phase of the rock just described forms a considerable kopje about 60 feet in height 
on the north bank of the Selati, about half a mile below April's Kraal at Palabora. In the bed of the 
Selati about the base of the kopje the river has laid bare a very interesting horizontal section in which, 
within the space of about 300 square yards, several of the typical rocks of the district are exposed on 
water-worn surfaces so clearly that the relationship of one to the other in most cases can be made out 
with certainty, furnishing a valuable key to a part at least of the geological history of the district. 

The greater portion of the ground is occupied by a pink and reddish granite similar to that which 
forms many of the neighbouring kopjes. Near its contact with other rocks it shows continual variations 
in texture from coarse pegmatitic varieties to fine-grained almost felsitic forms showing flow structures, 
but rarely any signs of foliation or schistosity . In places the granitic rock is in contact with a clear, grey, 
rather coarse gneiss. Large fragments of the gneiss, up to 30 feet or more in length, are included in 
the granitic rock, as well as many smaller pieces of a fine-grained amphibole schist. Both gneiss and 
schist are of types conmion among the older rocks of the district. The masses of gneiss and schist are 
completely surrounded by the granitic rock, which has also been injected into many smaller fissures 
in the gneiss. 
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F''9' ^' IGNEOUS INTRUSIONS, PALABORA. 



An adjacent portion of the exposed rock suiface is represented in Fig. 4. In this case the main 
mass represents the granitic rock, which includes two detached lenticular fragments of grey gneiss. 
Both these are traversed by a dark reddish vein, six inches in width, of close grained felsitic rock, and 
all these again by smaller veins of similar material. 

The youngest rocks are a number of basic dykes and veins traversing all the other members 
of the complex. These vary in width from 30 feet or more down to a fraction of an inch, and 
in many cases can be seen on the smooth water- worn surfaces to thin out to a knife-edge at 
their terminations. These later dykes are of ordinary diabasic type, composed mainly of plagioclase 
and augite, and varying in texture in the larger dykes from a coarse-giained holocrystalline rock in 
the central portion to a basaltic type at the contact with the adjacent rocks, where they consist almost 
entirely of an opaque, black, glassy matrix, with numerous small, perfectly formed crj^tals of plagioclase 
and pale green augite. 

These later dykes never show any signs of schistose structure, and are often very fresh in 
appearance. Those just described as traversing the bed of the Selati can be followed into the low 
ground around the Palabora limestone, where they form almost the only outcrops, and are not to be 
confused with the pyroxenite above described. 

The conclusions to be drawn from the section just described together with the observations 
previously given may be summarised as follows : — 

The oldest rocks represented are the gneisses and schists. These gneisses (which are seen to 
have been previously veined with white pegmatities), together with the schists, have been invaded by 
intrusions of a granitic magma, which has also given rise to the kopjes of granite and syenite which 
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very coarse muscovite in plates usually of 6 or 8 inches in diameter, but frequently of larger size. The 
mica is very fissile, flexible, clear, and transparent, with a slight greenish tinge when Jn thick 
plates. 

The more quartzose portions of the pegmatites frequently form the tops of ridges and kopjes, 
and give rise to very conspicuous outcrops. The pegmatites are clearly of later date than the develop- 
ment of the foliated structure of the gneisses, frequently breaking across the foliation planes. They 
appear to belong to at least two periods of intrusion. In some localities an earlier set of pegmatite 
veins, usually of small size, which have taken on a schistose structure in common with the gneisses, 
can be distinguished from a later and more conspicuous series, which frequently attain very large 
dimensions, and show no sign of schistosity. 

Mica-bearing pegmatites are stated to be particularly abundant along a belt of country extending 
from the south side of the Mashishimala Range parallel with the Ohfants River as far as its junction 
with the Letaba and beyond. They have been opened up on several claims situated on the farms 
Excellence and Parsons, just below the junction of the Macoutsie and Olifants Rivers. Mr. T. G. Trevor, 
who has visited both locaUties, informs me that the occurrences there are very similar to those on the 
Malalane River, but are perhaps on a larger scale. In one excavation, 50 feet long by 20 feet wide and 
12 feet deep, eight large groups of mica crystals are exposed. The largest of these is about 10 feet long 
by 8 feet wide, the largest crystals or " books " of which it is made up yielding plates of mica about 
12 X 9 inches, and most of it producing plates which would cut over 4 inches square. The mica is 
perfectly cleaved and elastic, but the greater part of it is spotted and stained with iron. 

There appears to be little doubt that considerable quantities of mica of a marketable kind are 
to be found in the district described above, and the lightness of the product should be a point very much 
in its favour in a district where transport is such a formidable item. On account, however, of its 
sporadic mode of occurrence, mica is not a mineral, which lends itself to systematic mining on an 
extensive scale, and in most countries where it is at present produced it is exploited by individuals or 
small companies. Worked in this way the mica in the district along the Olifants River appears to give 
promise of profitable working, especially if co-operative arrangements could be made for its collection, 
transport and shipment. 

Corundum. — At two localities in the belt along which the mica-bearing pegmatites are developed, 
interesting occurrences of corundum have also been discovered. One of these, known as Geyer's 
claims, is situated in the angle between the Malalane and Olifants Rivers, about i^ miles fronri the 
Olifants River and a little more from the Malalane. The work which has been done in opening up the 
corundum-bearing rocks at this place is limited to a prospecting pit about 10 feet in depth, and several 
small trenches, so that it is not possible at present to estimate in any way the extent to which the mineral 
may be present. The corundum is found on the slopes of a ridge, similar to those described as occupying 
the greater part of the neighbourhood. The local rocks are dark green basic schists for the most part 
very chloritic and talcose, banded hornblende and biotite gneiSvSes, and the coarse white pegmatites 
described above in connection with mica. The gneisses are strongly banded, individual bands varying 
from a fraction of an inch to several feet in width. The broader dark bands frequently consist almost 
exclusively of hornblende in elongated crystals, with a marked parallel arrangement. 

The corundum occurs in a band of dark green chloritic and micaceous schist about 30 feet in 
width in contact with hornblende gneiss on the one hand and coarse white pegmatite on the other, a 
mode of occurrence very similar to that found in many American localities.* The corundum is not 
distributed throughout the schist, but limited to certain patches, which grade into the rest of the rock. 
The greater part of the enclosing schist is a dark green rock, composed almost entirely of micaceous 
minerals, which, with the exception perhaps of a small quantity of a brownish mica, belong rather to the 
group of clintonites or brittle micas than to the true micas themselves. In those patches, where the 
corundum occurs, the rock is of coarser grain, fresher, and composed largely of pearly white margarite, 
and bright green chloritoid, through which are scattered numerous small grains of corundum. 
The finest specimens of the rock, which presents a very brilliant and showy appearance, are obtained 
from a large number of blocks, which lie embedded in the surface drift overlying the pegmatite. These 
blocks appear to represent weathered-out portions derived from the band of schist seen in situ close by. 
They are composed of coarsely crystalline masses made up for the most part of lustrous pearly mar- 
garite and vivid emerald-green chloritoid, with streaks and patches of ruby-red corundum in finely 
granular form. In some places the rock is almost entirely composed of minute grains of corundum, in 
others the corundum forms small granules up to the tenth of an inch in diameter thickly scattered 



Corundum and its occurence* and distribution in the U.S." J. H. Pmtt, U.S. Geolopical Survey. Bull. 269. pages 28-06. 
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But although the country to the north of the berg offers so many opp)ort unities for small ventures 
it is not without promise for enterprises on a more extensive scale. Ore deposits of the kind de^scribed 
in connection with the *' pyritic reef " of the Free State Mine, and possibly also those of the type of the 
Coblenz Reef, give promise of mining operations of considerable magnitude once the difficulties of trans- 
port are overcome. The district here described forcibly impresses the visitor as much by its ix>ssibilities 
as a highly mineralised area as by the very small amount of prospecting work which has hitherto bean 
expended upon it, and which has been almost entirely limited to a few comparatively restricted areas. 
One is, however, the more inclined to look forward with interest to the time when the development of 
the district from a mineral point of view may become possible from the fact that it includes the natural 
complement of a mining field in the potentially rich farming area included in the Woodbush Mountains 
and their eastern slopes. Here exists that exceptional condition in the Transvaal, a constant and 
abundant water-supply, and this is combined with rich soils and a climate above the average from a 
health point of view, a combination which should ensure the development of a prosperous agricul- 
tural community, but one whose value is at present completely discounted by the entire absence of 
any local outlet for produce, or any practical means of access to more distant markets. It is to be 
hoped that before long the better portions at least of these extensive but httle known districts of 
the north may take their places as important contributors to the prosperity of the Transvaal. 
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IV.— THE GEOLOGY OF THE CENTRAL PORTION OF THE MIDDELBURG 

DISTRICT, INCLUDING THE TOWN OF MIDDELBURG. 

By E. T. Mellor (Geologist), 



I. Area Surveyed. 

The area described in the present report comprises the central portion of the Middelburg 

District, including the environs of the town of Middelburg, and extending 30 miles north and 16 miles 

sou. th of the town. This area is approximately that shown in the map on Plate XXXIII., with the 

excir: option that a portion of the country west of the Great Olifants and south of the Wilge River has 

be^3Mi included in order to bring out more clearly the connection of the interesting geological structure 

sliOAvn in the Middelburg area with that further west. The survey was carried out during the months 

of ISovember and December, 1906, and January, 1907. The area mapped embraces 1,169 square miles, 

wi^li 851 miles of geological boundary lines. In all cases the latter were traced in the field, and mapped 

as far as possible with reference to farm beacons by plane-table methods. The topographical maps 

iisc^d have been mainly those issued by the Surveyor-General's Department. Some difficulty was 

fou^xid in dealing satisfactorily with a tract of unsurveyed country along the Olifants River in the 

noi-lh-westem portion of the map, and particularly in the deeply dissected and very mountainous 

Coventry about the junction of the Wilge and Olifants Rivers. In the neighbourhood of Middelburg 

tow^n, the 15-mile radius map compiled by the military authorities was of very great assistance, the 

con. touring in particular being extremely useful in the field. 

2. Physical Features. 

The physical features of the area, though varied, are very characteristic and display a close 
""el o- tionship to the geological structure of the district, depending very largely upon the disposition and 
cli£i.racter of the local rocks. 

Broadly, the most prominent physical features arc as follows. The central portion of the area, 
roughly oval in shape and coinciding on the map with that occupied by the upper portion of the 
^^o^terberg System, consists of a high plateau with an average elevation of about 5,000 feet, shown on 
tlio left of the picture in Fig. i, Plate VIII. This central plateau is flanked on all sides, except the 
^^^i^tih-west, by conspicuous escarpments of Waterberg Sandstones, whose position has been indicated 
^/^ t:he map. This line of escarpments is skirted by the Eastern railway line in the neighbourhood of 
^'^^^^t Olifants River Station and again near Middelburg, being hidden by a covering of Coal-measures 
<^\''€^r' a portion of the intervening country. Similar lines of escarpment occur along the railway west 
^' VVitbank to beyond Bronkhorst Spniit. Along the southern and eastern margin of the plateau the 
"*^*^l{ing escarpments, as a rule, rise only some 200 or 300 feet above the valley at their foot, but along 
th^ wide northern sweep from the farm Klipplaatdrift, 16 miles N.E. of Middelburg, to Rhenoster Kop, 
30 i-jiiies to the N.W. of that town, these escarpments are almost continuous for a distance of over 50 
^.^il^s, and in many places, especially where they overlook the valleys of the Wilge and Olifants Rivers, 
^^^^ precipitously to a height of from 600 to 1,000 feet above the lower ground at their feet. Between 
t rici two main routes from the Bushveld which lead up the valley of the Selons River on the east and 
^"^'^r- the flanks of Rhenoster Kop on the west the plateau is inaccessible for any vehicle except by a 
^^^^p and difficult road cut in a deep valley leading from the farm Waterval (7) to Kranspoort (18). 
^^^ escarpment bounding the plateau is not always a simple one, the main outer line having a number 
^^ ^xiinor parallel escarpments within it. Concentric with the outer edge of the plateau, over the greater 
V^^tiion of its circumference, but separated from it by a varying interval occupied by much lower 
ground, there rises to about the same height as that of the plateau a zone of high and conspicuous ridges, 
^^T^responding to the outcrop of the extensive series of volcanic rocks, associated with the lower portion 
^i the Waterberg System, whose relationship and significance have been worked out in the course of 
^1^^ present survey. The general disposition and trend of this outer rampart of felsite ridges will be 
^t seen by reference to the map in Plate XXXIII. where they are coloured orange red, and also from 
the sections shown in Fig. 2, Plate XXII., and on Plate XXIV. 
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Between the central plateau and the outer zone of felsite ridges there exists in general a very 
marked and persistent depression, corresponding to the outcrop of the softer shale and sandstone 
series of the lower portion of the Waterberg System. Chiefly influenced by the angle of dip of this softer 
series, the width of this low-lying zone varies from about half a mile on the northern margin of the 
plateau to three or four miles along its eastern and southern sides, as at Middelburg. The low-lying 
zone varies also in depth as compared with the level of the plateau, the contrast being most 
conspicuous in the northern portion of the area and least striking to the north-east and south-west of 
Middelburg, where it is masked by outlying patches of the Karroo System shown on the map, which 
always form extremely high ground and bridge over the gap between the plateau and the encircling 
felsite ridges. The appearance of the low-lying zone is often that of a big river valley, but its 
relationships to the true valleys of the rivers draining the area are very variable. In a few instances 
the valleys of the larger streams, for example, that of the Selons River on the east from Naauwp)oort 
(76) to Avontuur (35), and that of the OHfants River on the north-west from Tweefontein {278) to Twee- 
fontein (197) coincide with it for some distance. In both cases, however, the rivers after following the 
low zone for a few miles leave it to break through the high felsite ridges by narrow poorts. In the 
case of the OHfants River this is very well shown in the photograph on Plate IX. The Olifants River 
is seen in the foreground traversing the low-lying zone, which continues into the distance as a long 
straight valley, running across the farms Vergelegen (93), Rietvallei (92), and Zekoegat {89). This, 
however, is drained only by a small tributary of the Olifants, while the main stream passes out on 
the nearer side of the high ridges on the extreme left of the picture. In the photograph the high 
central plateau with its escarpments, here very much broken, is seen extending from the centre to the 
right of the picture. 

Beyond the outer zone of high ridges formed by the rocks of the Volcanic Series the character 
of the country varies in various parts of the circumference of the curve formed by them. Along its 
southern and a portion of its eastern limb the high ground of the felsite ridges merges into the general 
extent of the rolling country of the High Veld. Along the northern side, to the east of the Olifants 
River the outer zone of felsite ridges is succeeded by others formed in part of rocks of the Pretoria 
Series indicated on the extreme northern edge of the map, while west of the Olifants the felsite ridges 
overlook a wide extent of low Bushveld country, continuous with the south-eastern portion of the 
Springbok Flats, across which glimpses of the distant mountains of the Waterberg can occasionally be 
obtained. 

The foregoing general description gives the broad outlines of the physical features of the area 
under consideration, and attention has been drawn to its natural division into a central plateau, 
surrounded first by a low-lying valley-like depression, and then by an outer zone of high ridges 
concentric with the edge of the plateau. These various divisions may now be described in a little more 
detail, especially as their physical characteristics are so intimately related to their geological structure. 

(a) The Plateau. — ^The central and most elevated portion of the plateau may be taken to include 
the farm Hartebeestfontein (144) and the six farms, with which it has boundaries in conmion. This 
tract of country forms a level or slightly undulating stretch of sandy ground very similar in general 
character and appearance to the typical Highveld country further south, and this resemblance is 
increased by the frequent occurrence of typical pans similar to those of the Coal-measures.- The 
underlying rocks, consisting of approximately horizontal sandstones, belong, however, to the upper 
portion of the Waterberg System, and only occasional traces of Karroo rocks are present. Towards 
the margin of the plateau the country becomes varied, and is broken up by concentric ridges with 
steep escarpments on their outer and gentler dip-slopes on their inner sides (see Fig. i, Plate VIII.). 
Along the intervening valleys most of the homesteads are situated. These valleys frequently coincide 
approximately with the outcrop of one of the intrusive diabase sheets, common in the upper part of 
the Waterberg System. A notable example is that which follows the diabase shown on the map 
(Plate XXXIII.), from Mooikopje (58) to Nooitgedacht (274). It is possible to drive along this valley 
from Bankplaats to Nooitgedacht, a distance of 15 miles, but nowhere throughout this distance is there 
access, except on foot, to that portion of the plateau lying to the south. These minor escarpments thus 
reproduce on a small scale the conditions described in connection with the main outer escarpment of 
the plateau. The numerous streams, which rise in the central portion of the plateau in shallow vleis, 
rapidly deepen their valleys as they pass outward towards the circumference, cutting narrow kloofs 
through the successive ridges, and usually finally passing, by deep gorges and narrow poorts, 500 or 
600 feet in depth, into the wide depression which everywhere surrounds the edge of the plateau. One 
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of these gorges is shown in background on the right of the photograph in Fig. 2, Plate VlII. The 

scenery in these narrow kloofs, which usually contain a succession of miniature cascades and basins 

/onxied by successive harder and softer beds of sandstone, and overhung with tree-ferns, is very fine, 

but cannot compare in grandeur with that of the magnificent gorges cut through the whole thickness 

and, breadth of the plateau by the Great and Little Olifants Rivers. Both these streams, entering from 

tlie south the tract of country occupied by the high Waterberg plateau, traverse it by deep valleys and 

gorges sunk a thousand feet below the general level of the plateau, their njany tributaries also cutting 

down to the same level near their junctions with the main stream. Some of the finest gorges of the 

Olifants River are those situated near its confluence with the Wilge River, on the farms Slaghoek (126) 

ajTd Tweefontein (278) ; while the most remarkable of the tributary vallej^ is that known as *' The 

Hell/' situated on the farm Mooikopje (58) * 

The point at which the Olifants River emerges from the gorges cut in the main plateau into the 
surrounding low-lying zone is shown in the photograph in Fig. 2, Plate VIII., one entrance to " The 
Hell " being seen as a cleft in the kranz on the right of the picture. The cleft extends downwards to 
the level of the river, which flows behind the nearest low ridge, and is traversed by the stream draining 
'•• Tlie Hell," along the bed of which access can be gained to an inner valley lying between the highest 
ridge shown in the picture and a similar parallel one situated behind it and partially seen through the 
cleft:. '' The Hell " is thus a very narrow longitudinal valley lying between two high ridges oi sand- 
stories, which rise some 600 to 800 feet above it, that on the north presenting to the valley a series of 
steep dip slopes inclined at 25°, ending below in an undercut precipice, while that on the south consists 
of a. succession of wall-like kranzes rising to the level of the main plateau above. At each end the valley 
rises more nearly to the level of the containing ridges, its eastern termination being shown in Fig. i, 
Plate VIII., which may be taken as very typical of the country around the margin of the Waterberg 
plateau. The origin of the name of the valley just described is variously given by local inhabitants. 
Ot\ the dip-slopes of sandstone on the southern side, a little east of the gorge by which the stream from 
the valley passes out to the Olifants River, and some fifty yards from the edge of the precipitous drop 
to the stream below, there is a small hole about eighteen inches wide leading downwards apparently 
into a fissure in the sandstones. Smoke or steam is said to issue at certain times from this aperture, 
ajid the name of " De Hell " originally applied to it appears to have been extended to the whole valley 
in which it occurs. From the description given of the " smoke," and from the fact that it is usually 
observed in the cool of the early morning, the phenomenon is almost certainly to be explained by the 
rising of vapours from a series of cavernous fissures in the sandstones, with which the outlet com- 
n^ujiicates, and which probably have other openings on the steep face above the stream, the disposition 
^f the rocks being such as to favour the formation of extensive fissures in the sandstones into which the 
drainage from the slopes above passes. During the summer months, however, this confined valley 
with its bare and rocky walls is hot enough, apart from any subterranean sources of heat, to justify the 
alternative derivation of its name from the comparison implied in it. A peculiar feature of the valley, 
wh.ieh adds to its individuality, is the character of its vegetation, which includes an extraordinary 
^^iriber of palm-hke cycads, which are almost restricted to this particular locality, and only occur at 
comparatively rare intervals elsewhere in the district. 

(b) The Low-lying Zone, — The general relations and extent of the low-lying zone of country 

wl^ieh surrounds the central plateau have been described above. As already explained, this depression 

^3s the appearance, especially when viewed from above, of a wide and extensive valley, but this term 

c^^not be well applied to it, since it owes its origin primarily to the more rapid denudation of the less 

^^sistant shales and sandstones, whose outcrop it follows, and has no very intimate connection with 

^^e courses of any of the larger river valleys, with portions of which it occasionally coincides. In the 

photograph (Plate IX.) the portion of the depressed zone, which occupies the foreground, is part also of the 

valley of the Olifants River, that in the middle distance is drained partly by tributaries of the Olifants 

*^d partly by tributaries of the Selons River, while that portion immediately under the high ridge, 

^l^ich apparently terminates the depression in the far distance, is traversed by the Selons River itself 

und forms a part of its valley. The portion of the depressed zone shown in the photograph is very 

typical, showing how the broad flat belt of low ground is flanked on the one side by the steep escarp- 

n^^nts of the plateau and on the other by the encircling ridges of the zone of felsitic and other volcanic 

Tocks, forming the basal portion of the Waterberg System. The view is taken from Tweefontein (197), 

V\^e bend of the river in the foreground being on that farm, looking due east over the farms Vegelegen, 

Rietvallei, Zekoegat, and Avontuur to Klipnek (77), upon which the furthest ridge is situated. This 



• "The Hell " is frequently wix)ugly imlicatcil (ni maps of {\w district as situaiiHl on Slaglux'k. 
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cast and west portion of the depression extends in an almost perfectly straight line for over twelve 
miles, as shown in the photograph, and, when seen from the liigh ridges at either end, presents a very 
striking appearance, strongly suggestive of a fault valley. At the distant extremity seen in the photo- 
graph the depression turns sharply to the southward and continues with very similar characters as far 
as Klipplaatdrift (52), where by the gradual rise of its floor it ceases to form a marked surface feature, 
but reappears towards Middelburg, where, however, owing to the lower dip of the formation, it is much 
wider and its characters not so well marked. At the point from which the photograph is taken the 
depression turns with the strike of the Waterberg rocks to the south-west and continues a further twelve 
miles as far as Vogelstruisplaat (305) where it ends blindly against a high felsite ridge. This south- 
western limb of the depression is certainly one of the most remarkable topographical features of the 
district, and is extremely interesting because of the close relationship between the surface features and 
the underlying geological structure. The gently undulating floor of the depression, here from one to 
two miles in width, is very park-like in character with broad open grassy stretches, dotted with thick 
clumps and groups of trees. On both sides and at the south-western termination the hollow is com- 
pletely shut in by steep and precipitous ridges from 600 to 800 feet in height, in most places only 
crossed with difficulty on foot, the only access for a vehicle being by a zig-zag track leading from 
Doomfontein (186). The north-eastern end of the portion of the depression, which here forms part 
of the Olifants valley, is effectively blocked by the sharp bend of the river on Tweefontein (197), the 
stream touching the foot of the ridges first on one side of the valley and then on the other. Into this 
broad park-like hollow, almost completely surroimded by high ridges, the OUfants River suddenly 
emerges from the deep caiions, by which it traverses the central plateau, at the spot shown in the 
photograph in Fig. 2, Plate VII., at which point also entrance can be made into the secluded valley 
known as *' The Hell " alluded to above. The Olifants River leaves the low-lying zone of country as 
abruptly as it enters it, by passing out through a narrow poort in the felsite ridges, a little beyond the 
point shown in Fig 2, Plate VI. 

The tortuous windings of the Olifants River shown on the map in the neighbourhood just 
described give the impression that the stream may be traversing a broad open valley ; while, however, 
this is the case between Tweefontein (278) and Tweefontein (197), its course on and above the former 
farm is through the deep gorges already alluded to. The manner in which the course of the Olifants 
River and other large streams have been determined without reference to the character of the rocks 
over which they now flow, and particularly the way in which they cut through the felsite ridges, 
points unmistakeably to these stream courses being of a " superimposed " character, and determined 
by a formerly existent terrain, probably the Karroo System, which once completely covered the rocks 
of the Waterberg System, but has now almost completely vanished from this area. 

In this connection it may be noticed that the debouchure of the streams from the Waterberg 
plateau to the lower area is almost always marked by immense accumulations of river-borne boulders, 
which frequently lie from 50 to 100 feet above the present stream level. There is no evidence of the 
stream channels having been deepened to any extent since the deposition of the boulders, and theii 
size appears to be far beyond the carrying capacity of the present streams even in the highest floods. 
The conditions point to the volume of all these streams having formerly been much greater than at 
present, and similar evidence is afforded by the rivers draining the north-eastern slopes of the 
Drakensberg, where they enter the Low Country. 

(c) The Felsite Ridges, — The outer zone of high ridges, which surrounds the central Waterberg 
plateau, and is separated from it by the intervening depression just described, is a very constant feature 
throughout the district. It is most pronounced on the northern side of the area where the dip of the 
volcanic rocks is steepest and their width of outcrop narrowest. To the east, west, and south the 
zone broadens out so considerably and is so frequently broken up into minor ridges that its relationships 
are not so obvious as they are on the north, where they form the conspicuous ridge, l)ang to the south 
of the Kruis River and lower part of the Selons River. Across this portion the sections shown in Fig. 2 
Plate XXII. and Plate XXIV. have been taken. In the north-west of the area, this zone forms the 
very elevated hilly tract, over which the road from Rhenoster Kop passes for some miles before its 
sudden fall to the Bushveld and the valley of the Olifants on the farm Waterkloof (385), while on the 
north-east it forms the very high ground about the Botha's Berg. The hills and ridges of this zone have 
a very characteristic appearance ; they are always very smooth and bare when viewed from a distance 
lacking the conspicuous escarpments of the sedimentary rocks, while they differ from the granite hills 
in not possessing the green and bushy appearance and the bold weathering and scattered kopjes, bj 
which these are usually characterised. Though so smooth in outline when viewed from a distance 
the felsite ridges arc extremely rough and stony to traverse^ being almost everywhere thickly covered 
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by sharp angular fragments of rock. The steep-sided valleys between the ridges are remarkable for 
the great depth of drift and debris, which fills their lowest portions, and which is frequently traversed 
by deep dongas, thirty feet or more in depth, in which grow trees whose tops only reach the general 
level of the valley floor. The valleys are usually quite waterless, except in the rainy season, and in 
this respect differ from those draining either the sedimentary rocks of the plateau or the granite. 
The very great contrast between the country of the central plateau and that of the outer zone occupied 
by rocks of volcanic origin is nowhere more strikingly seen than in passing from the upper valley of 
the Selons River and its tributaries into the high felsite country lying to the north-eastward in the 
direction of Hoedspruit and the Botha's Berg, a little beyond the eastern margin of the map. The 
varied scenery of the Waterberg System here gives place to a succession of vast rolling " bults," each 
several miles in breadth and extremely high, with almost unbroken contours and absolutely treeless. 
Although, apparently, so smooth and unbroken, the country is intersected in places, as on Klipspruit 
(117), by deep and narrow coomb-like valleys or kloofs. The contrast between this country and that 
to the west is not, however, altogether dependent on the difference between the felsitic rocks and the 
sandstones, which respectively characterise them, for the felsite ridges of Roodepoort and Avontuur 
are extremely broken and varied. The contrast depends in part on the different incUnation of the 
strata, which here dip at about 10°, and in the lesser extent to which denudation has been carried. 
Viewed as a whole, the extremely smooth and rounded forms of the felsite bults are very suggestive 
of a glaciated country, and to early Karroo glaciation is most probably due the present appearance of 
the district. This is the more likely as the covering of Karroo rocks which formerly extended over 
this area has scarcely yet entirely disappeared, the highest point on Grootrietvallei (116), upon which 
stands the trigonometrical beacon at a height of 5,996 feet, being still capped by a small patch of 
Karroo rocks, probably the most northerly in the district. 

Water Supply, — Compared with many parts of the Transvaal the area dealt with in the present 
report may be said to enjoy a fairly good supply of water. In addition to being traversed by several 
considerable and permanent streams like the Olifants, Wilge, and Selons Rivers, many springs and 
small spruits occur throughout the area. The best watered portions are the valleys, which intersect 
or lie immediately around the central plateau described above, on the upper portions of which deep 
accumulations of sandy soil derived from the waste of the Waterberg Sandstones, serve to absorb and 
retain sufficient water during the rainy season to maintain a moderate yield from the springs during 
the wnter. The heads of nearly all the smaller valleys in the plateau area carry small but constant 
streams of exceptionally pure water. Where rocks of the Karroo System occur, there exist also 
nuinerous springs, which issue at a fairly uniform level not far above the base of the formation, 
determined usually either by the occurrence of a coal-seam with its accompanying shales, or by the 
shaly beds, which frequently overlie the Glacial Conglomerate. On account of this diffuse leakage of 
water all round the margin of the Karroo rocks, they do not offer such a favourable field for obtaining 
water from boreholes in any considerable quantity, as might otherwise have been expected, the sand- 
stones and shales of the Waterberg System in the valleys and lower-lying parts being more fruitful in 
this respect. Reference has already been made to the dryness of most of the valleys in the zone of 
country occupied by the volcanic rocks which form the basal portion of the Waterberg System. This 
condition is probably due to the small extent to which these rocks are weathered at the surface, the 
absence of any depth of surface soil, and the steepness of the hill slopes, all causes favouring excessive 
nin-off with a minimum of absorption. In the granitic areas on the north-west the more readily 
weathering character of the rocks leads to the occurrence of a greater number of small but fairly 
pennanent springs. 

3. General Geological Structure. 

The sedimentary rocks occurring in the district under review are given in descending order in 
the following table : — 

^- ^ I Coal-measures or High Veld Series. 

Karroo System . . \ ^^^^-^^ Conglomerate 

i Upper — Sandstone and Quartzite Series. 
Waterberg System . . t ^ ^^^^ I Shale and Sandstone Series. 

i i-«ower — ! T r 1 • r» 

[ (Volcanic Series. 

Transvaal System . . Pretoria Series. 

The igneous rocks include the Red Granite and other Types intrusive in the Waterberg aucj 
Transvaal Systems, 



As will readily be seen from a glance at the map and sections accompanjnng this report, the 
Karroo System here represents, as it were, merely the tattered fringe of the more extensive occurrence 
of the formation to the south, the scattered outlying patches seeming to indicate the former extension 
of this system northward over a very much greater area than that comprised within its present limits. 
Some of these outlying patches still include portions of the grits, sandstones, and coal-seams of the 
coal-measures, but in many cases they have been reduced to thin sheets of glacial conglomerate or, in 
the last stages of denudation, to a thin covering of sandy soil enclosing numerous boulders representing 
the last remnants of that rock. Near the southern margin of the map, where the coal-measures might 
give the impression of being strongly represented, they are in reality frequently e tremely thin, not 
more than 20 to 50 feet, so that even the slight depressions which form the various pans occurring in 
that area pierce the whole thickness of the Karroo formation and bottom on the underlying felsitic 
rocks, as in the case of the pans on Speekfontein (370) and Rhenosterfontein (433), while any marked 
elevation of the original surface upon which the Karroo rocks were deposited projects through the thin 
covering of coal-measures and exposes the older rocks at the surface, as in the case of the elevation 
on the north portion of Hartebeestfontein (127), known as Vaal-bult, which, with its gently curving 
outlines, might easily be taken for an ordinary " bult " in the coal-measures, but is in reality composed 
of the red banded felsitic rocks of the lower part of the Waterberg System. 

By far the most important part in the structure of the area under consideration is played by the 
Waterberg System, which, together with the igneous rocks intrusive in it, covers the whole of the surface 
or lies but a little way below it, if we except a very limited occurrence of rocks of the Pretoria Series 
shown on the extreme northern margin of the map (Plate XXXIII.). 

As shown in more detail later, this formation is very strongly developed in the Middelburg 
District, having a total thickness to the north of Middelburg of from 12,000 to 15,000 feet, and the 
mapping of this area has added considerably to our knowledge of the Waterberg System, more especially 
with regard to its lower portion, which includes a great thickness of contemporaneous lava flows with 
a maximum thickness falling little short of 10,000 feet, whose relationships and age have hitherto 
remained uncertain. In the neighbourhood of Middelburg and in the elevated tract of country extending 
westwards between the eastern railway line and the Bushveld, the whole Waterberg System has been 
thrown into a synclinal fold, over 30 miles in breadth, the existence of which further west has been 
noted in the Report of the Geological Survey for 1904, and shown in the sections which accompany it 
[ibid Plate XXIV.). The synchnal structure is, however, still more clearly evident in the present area 
as shown in the sections in Plate XXII., fig 2. To the north and east of Midldelburg the 
syncline terminates, forming half of a basin-like fold, whose edges give rise to the semi-circular arrange- 
ment of the outcrop of the Waterberg System, which unites the northern and southern limbs of the 
syncline, as shown in the map. With regard to the lithological character and relative hardness of the 
beds, the Waterberg Sj^tem in this area shows three well marked divisions. The uppermost consists 
of an extensive series of compact sandstones and quartzites, some 5,000 feet in thicknfess ; the lowest 
includes a succession of immense lava-flows, for the most part hard and felsitic in character, sparsely 
interbedded with sedimentary rocks, and having a thickness of approximately 8,000 feet, while between 
these two lies an intermediate series of comparatively soft shales and sandstones, largely derived from 
the waste of igneous rocks, with a thickness of about 2,000 feet. The upper series of sandstones and 
quartzites have been grouped as the upper portion of the Waterberg System, the softer sandstones 
and shales, together with the underlying volcanic series, forming its lower portion. It is the occurrence 
of these three well-defined groups of strata, together with the synclinal folding which they have under- 
gone, which gives rise to the broad physical features of the district to which attention has already been 
drawn, the upper Fandstone Series forming the body of the central plateau, the outcrop of the soft Shale 
and Sandstone Series the encircling depression, and the resistant rocks of the Volcanic Series the outer 
zone of elevated hilly country {cf. Sections, Plates XXII. and XXIV., and Fig. 5). 
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4. Relationship of the Structure of the Middelburg District to that of the Transvaal in 

GENERAL. 

If the structure of the district under review be considered in relationship to that of the Transvaal 
in general, as far as it is at present known, certain extremely interesting comparisons can be made, which 
have an important bearing on the general geological structure and history of a very much more extensive 
portion of the country than that included in the present survey. If the big synchnal fold of the 
Waterberg S)^tem in the Middelburg District be inserted in its proper position on a general geological 
sketch-map of the Transvaal, such as that of Dr. Molengraaff* or of Hatch and Corstorphinef, it will 
readily be seen that there is a remarkable parallelism between the structure shown by the big synclinal 
fold in the Waterberg System, brought out by the present survey, and the huge fold in the Transvaal 
System, as far as it is at present known, which causes its outcrop to sweep from the neighbourhood of 
Pretoria by the eastern escarpment of the Drakensberg round to near Potgietersrust. The longitudinal 
axes of the two folds have approximately the same direction, if they are not actually coincident, and it 
is difficult to avoid the conclusion that they owe their origin to the same causes. The folding of both 
systems would be accounted for by the action of pressures from the N.N.W. and S.S.E., at right angles 
to the common longitudinal axis. It is a further remarkable fact that the strike of the foliation planes 
of the old gneisses and schists of the Transvaal, particularly in the Leydsdorp District and at the base 
of the main eastern escarpment, is parallel to the axis of the folds in question, and is precisely such as 
would result from the work of forces acting in the direction above mentioned. To the south of Haenerts- 
burg the rocks of the Black Reef Series frequently exhibit a very marked schistosity along planes 
parallel in direction to those of the older schists and gneisses which underlie them. It appears, there- 
fore, a reasonable conclusion that the folds of the Waterberg and Transvaal Systems and the foliation 
of the older rocks are due, if not to the same, at least to closely related, forces, namely, pressures acting 
in a N.N.W. and S.S.E. direction at right angles to the common direction of the strike of the foliation 
planes and of the axes of the folds. It is probable that the action of these forces was continued over 
a very prolonged period, and that the schistosity of the older rocks had already been induced before 
the laying down of the Transvaal System, since pebbles of schistose rocks occur in the conglomerates 
near the base of the Black Reef Series near Haenertsburg. It is also certain that the Transvaal 
System had been already folded to some extent before the deposition of the upper portion of the 
Waterberg System. J On the other hand, it appears very probable from the consideration of the main 
folds of the Transvaal and Waterberg Systems, that these were impressed upon them simultaneously 
by the same forces. As might be expected, the upper of the two systems suffered the greater amount 
of disturbance, the vertical disposition and reversal shown by the Waterberg System being rarely, if 
ever, parallelled in the Transvaal System, as far as it is at present known, while the participation of 
the Waterberg rocks in the folding shows that the forces in question continued to act till a Liter period 
than that represented by the deposition of the Waterberg System, the rocks of the Karroo System, 
however, being apparently quite unaffected. 

5. The Karroo System. 

With regard to the character, succession, and mode of occurrence of the rocks of the Karroo 
System, the area under review is entirely similar to the adjacent portion of the district in the neigh- 
bourhood of Witbank, which has been dealt with at length in the Annual Report of the Geological Surv'^ey 
for 1905 and in a special memoir.§ It will therefore only be necessary here to draw attention to a few- 
points. 

As already pointed out, the Karroo System is represented by the ragged fringe of more 
extensive occurrences to the south, and by numerous smaU outliers. In many of the latter 
the whole of the grits, sandstones, shales, and coal-seams of the coal-measures have been entirely 
denuded, leaving only remnants of the underlying Glacial Conglomerate. WTiere coal-measures are 
indicated the country is invariably very elevated, usually exceeding 5,000 feet in altitude. On the other 
hand, the outliers of Glacial Conglomerate, though frequently occupying high ground, may occur at almost 
any level, and frequently remnants have been preserv^ed along the lower slopes of the Waterberg ridges, 
from the tops of which all traces of the Karroo System have disappeared. 

(i) The Coal-Measures, — Perhaps the most striking point in connection with the Coal-measures in 
this area is the comparative thinness of the formation in many localities. This is especially noticeable 
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Geology of the Transvaal," English Translation, liK>4. 
t " Geology of South AfricA," 1905. 
X Re]X)rt of the Geological Survey for 190,3. page 16. 
§ " The (leology of the Tnvnsvaal Coal Measures, etc.," E. T, Mellor, Geological Survey Memoir No. 3, 1906, 
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being respectively S. 14® E. and S. t6® W. The general direction of the ice-movement in this locality 
was very similar to that indicated in various localities to the west as lar as the Elands River, a distance 
of over 50 miles. Details of the various surfaces are given below : — 



L<K»alitv. 



Nature of KiK-k-Surfa**!*. 



Direction of Icc-Moveiiieiit. 
(True bearing.) 



Dneft.4itein (.3^). 4<H» yanls fnuu N.K. Ix'acoii t»f IxH;uw|)or)rtjo, which 

l^«Ai> N. 3<X) E. (mag.) 
L«:tiw}*x»rtje (174), near S. Umndary, 400 yartis K. of Spruit 

ll'>y:f<jiit4'in C^.^). 400 varus S.E. of S.K. l)cacou of He/uideiihouthix^k and 

uOi i il •« A^ 1 S ••• ••• ••• ••• ••• ••• 

Hartetj€iie>tfontein (127), 50 yanU W. of Mr. B'whoFs house ... 



WaterU-rg Quartzitic Saiulstonc 



»i 



Hvt\ Felsite... 



1 



CO 

(2) 
(3) 



S. 40^ W. 

S. 24" E. 

S. 2' E. 

S. 14' E. 

s. ur W. 

S. 16- \\\ 



6. The Waterberg System. 

In the geology of that portion of the Middelburg District dealt with in the present description 
by far the most important part is played by the Waterberg System, which occupies almost the whole 
of the area, the study and mapping of which has made it possible for the first time to attempt a fairly 
complete classification of this system as represented in this part of the Transvaal. The classification 
given below is based upon a study of the Waterberg rocks from Middelburg westwards to the Elands 
River, over an area of approximately 3,500 square miles, including those portions dealt with in the 
present report and in the previous reports of the Geological Survey for the years 1903, 1904, and 1905. 
The thicknesses given are approximate mean thicknesses shown by the formation to the north of 
Middelburg. There is a considerable thinning of the system westwards, the lower portion being very 
poorly represented, when present at all, west of Balmoral. 



Classification of the Waterberg System. 



Ap[>roxiniatc Thickness. 
Feet. 



( Upper Division 



Waterberg System 



Lower Division 



Sandstone and Quartzite Series 

Sandstones, quartzites, grits, and 
conglomerates. 
Shale and Sandstone Series 

Shales and soft sandstones (with 
conglomerates at the base). 
Volcanic Series 

Lavas, tuffs, breccias, and ag- 
glomerates with interbedded 
shales and sandstones. 



5,000 



2,000 



8,000 



15,000 



As some of the main features of the system, both with regard to its influence on the phj'sical 
characters and to the part it plays in the general geological structure of the district, have already been 
dealt with, in the following paragraphs attention will be mainly given to the character of the various 
portions of the system and their relationships to one another. 

(i) Upper Division.— The Sandstone and Quartzite Series. — This series includes practiqallj' the 
whole of what has up till recently been regarded as representing the Waterberg Sj^tem. In the 
chussification given above it corresponds with the upper division. It consists of an extensive series 
of coarse sandstones, quartzites, grits, and conglomerates, with a very characteristic red and purplish- 
brown colouration. Shales, though not entirely absent, are rare, and occur chiefly among the lowest 
beds. A full description of the series will be found in the reports of the Geological Survey for 1903, 
1904, and 1905. In the present area it has entirely the same characteristics as in the districts previously 
described. It probably, however, here attains its greatest thickness in this part of the Transvaal, amount- 
ing to 5,000 feet or pf)ssibly more. Its great thickness to the north-west of Middelburg compared with' 
lr>calitics further west is probably due partly to a greater original development, and partly to the fact 
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that the arrangement of the whole system in the big synclinal fold shown in the sections in Fig. 5 and 
on Plates XXII. and XXIV., has tended to a more complete preser\^ation of the series from 
denudation, particularly a succession of coarse soft sandstone and grits, which are very characteristic of its 
upper portions, and which are better represented here than in other districts. These sandstones are 
usually of a rich purple-red hue, very soft, coarse in texture, and easily weathered. The major bedding 
plo-nes are approximately parallel, and separated by intervals of from three to six feet or more, the 
th-iok beds so defined each showing minor current bedding to a remarkable degree, dividing the rock 
int:<3 laminae dipping in all directions, representing successive washes of sandy material from different 
qiistrters during the deposition of the sandstones. When the dip is low, as is usually the case when these 
san<istones occur, they weather out into table and rocking-stone-like forms, the surfaces of which are 
irequently marked in a fantastic way with numerous furrows and projections, recalling the fantastic 
weathering of the Coal-measure grits. Areas occupied by these sandstones are always dotted over with 
small clumps of dark green bushes, and present a very characteristic appearance, well seen on the farms 
Biifielskloof (196) and Kliprivier (88). These soft sandstones cover the greater part of the central 
Waterberg plateau, previously described, and in the highest portions, as on Mooiplaats (191), Haarte- 
beestfontein (194), and Driefontein (339), give rise to broad '' bults," covered with sandy soil, with out- 
cropping masses of grits, closely resembling those of the coal-measures, especially when bleached by 
weathering. The thickness of these soft sandstones and grits is about 1,000 feet. 

(2) Lower Division. — The Shale and Sandstone Series. — This series is only feebly represented west 
of a line from Balmoral to Rhenoster Kop, but east of those localities it forms a very constant feature 
in the Waterberg System, giving rise at the surface to the broad valley-like depression which is almost 
continuous round the margin of the central plateau formed by the upper division of the system. The 
series is well represented in the immediate negihbourhood of the town of Middelburg, and is exposed in 
the section seen along the bed of the Olifants River below the bridge. Here the scries consists of dark 
blue and reddish-purple shales and flags, with thin beds of fine-grained sandstones, very hard and 
quartzitic, brick-red in colour, and streaked with dark grey. The series shows very similar characters 
further west in the valley to the south of Olifants River Station, where also considerable thicknesses 
of very soft light green and purple shales can be seen in the sections exposed along the banks of the 
Olifants River. Northwards from Middelburg the series is very similar as far as Elandslaagte (139) 
and Klipplaatdrift (.52), beyond which there is a gradual passage laterally of the shales into more sandy 
sediments, so that on Avontuur (135) and westwards the series is represented almost entirely by a suc- 
cession of very soft purple-brown sandstones. On account of this change in the character of the series 
on the northern margin of the big syncline it has been necessary to give to it the term *' Shale and 
Sandstone Series " in preference to the simpler term '* Shale Series," which would only be applicable 
to the beds along the southern margin. 

The distinction between the shales and soft sandstones of the lower division and the hard 
sandstones and quartzites of the upper division of the Waterberg System is usually well marked, and 
is frequently accentuated by the occurrence of a coarse conglomerate along the junction. This is well 
seen at Middelburg below the escarpment of the high ridge on the north-west side of the town. 

Conglomerates are also very frequent at the base of the Shale and Sandstone Series marking the 
transition from the prevalence of active volcanic conditions to a more tranquil period. These con- 
glomerates are most abundantly developed on the northern side of the Waterberg syncline below the 
sandstone facies of the series. A good example is the conglomerate shown in the section (Plate XXIII.), 
and in the corresponding position on the map on the farm Zekoegat (89). In the line of section this 
conglomerate is 160 feet thick, while half a mile further east it is as much as 380 feet. Its outcrop 
forms a prominent feature near the base of the main ridge to the south, as shown in the section. The 
conglomerate is dirty brown to red in colour and very massive, with occasional indications of rude 
bedding-planes at intervals of 10 to 12 feet. The pebbles average 6 to 8 inches in diameter, while 
some attain 10 to 12 inches. They are almost entirely composed of volcanic rocks, derived from the 
series below, the matrix being also mainly of material resulting from the waste of volcanic rocks, and 
usually sufficiently hard to cause the conglomerate when broken to part across the pebbles. The 
conglomerate is very similar to some of the huge conglomerates of Rhenoster Kop and the country 
immediately east of it. It is characteristic of these conglomerates near the base of the Shale and 
Sandstone Series, that they consist for the most part of hard volcanic rocks mostly of felsitic types, 
while those at the base of the upper division of the system, and distributed through its higher 
portions, consist almost entirely of pebbles of quartzite in a sandy matrix. The conglomerate on 
Zekoegat has a lateral extension of about five miles, gradually thinning and dying out both to the 
<*ast and west. 

10 
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fj) The Volcanic Series, — In the Middelburg District the Volcanic Series forms the major 
portion of the Waterberg System, with a thickness to the north of Middelburg of not less than 8,000 
feet. This vast thickness of strata, mostly of volcanic origin, has till recently not been recognised as 
an integral portion of the Waterberg System. As a result of survey work in the neighbourhood of 
Rhenoster Kop in 1904 and near Witbank in 1905, it was found that the series of sandstones, quartzites, 
and conglomerates, previously regarded as constituting practically the whole of the Waterberg System, 
was underlain by a succession of volcanic rocks contemporaneous with the earUer Waterberg sediments* 
The work of the past year has fully confirmed these results, and the less disturbed conditions in some 
portions of the country recently mapped have made it possible to work out these relationships more 
in detail. On account of the severe folding undergone by the lower portion of the Waterberg S5^tem 
and the hard and brittle character of most of the rocks composing it, it is usually difficult to obtain 
a continuous section, and in many places large areas covered by the rocks of this series might be passed 
over without their bedded character being recognised. In a few localities, however, the contrary is 
the case and good exposures are found, in which the succession can be clearly made out. A very good 
section of the Volcanic Series is obtained where it is cut through by the Olifants River on Vergelegen 
(93) and Wagendrift (28), and a still better a little further east on Zekoegat (89). This latter section 
cuts the series at a point near the middle of the curve formed by the outcrop of the Lower Waterberg 
rocks. The series is here less broken up than usual by faulting, and this, together with the high dip 
and rocky character of the ridges on the north portion of Zekoegat, allow a detailed section to be made 
as far as the big intrusion of granite-porphyry. Below that horizon the character of the country, as well 
as the more broken condition of the series, do not permit of a very detailed section. The character of 
the beds seen in the section on Zekoegat will be best gathered by reference to Plate XXIII., a more 
general section across the whole of the Waterberg System being sho\^Ti in Fig. 2, Plate XXII. 

It will be seen from the Section FG that the Volcanic Series includes a number of very thick lava 
flows, mostly of acid or intermediate character, interbedded at certain horizons with shales and sand- 
stones, which represent the commencement of the Waterberg sediments. Some of these lava flows 
are extremely thick, one of the latest, lying a little below the big conglomerate at the base of the Shale 
and Sandstone Series, having a thickness of not less than 1,000 feet. It consists of a very hard red 
banded felsitic rock with conspicuous flow-structures, marked by the occurrence of innumerable fine 
bands, either of different shades of red or of red and green alternating. These are frequently much 
contorted, and, owing to different degrees of hardness, usually weather out conspicuously on the surface. 
The lowest 20 feet of the flow is more widely banded, and at the bottom it has a rough and 
slaggy character. Above this more compact banded sheet there occurs a brownish vesicular rock, 
about 65 feet in thickness, which probably represents the upper portion of the same flow. In nearly 
all cases the flows show a more compact central portion, with an abundant development of amygdules 
towards the upper and lower portions. In several cases a flow is succeeded directly by a tuff, and this 
by shales and sandstones. Although mostly of a rather acid type, for which the term felsite is here 
used as a general field name, many of the flows tend towards andesitic forms. A sheet, which crop^s 
out on the highest part of the ridge on Zekoegat, shown in the Section FG, and which is over 800 feet 
in thickness, is in its upper and lower portions a hard compact black rock with numerous small 
porphyritic crystals and occasional amygdaloidal bands, while the central portion is a massive purplish- 
brown rock with a distinctly crystalline appearance throughout. The compact upper and lower 
portions under the microscope are seen to consist for the most part of a dark brown glassy base, full 
of trichites and other rudimentary crystal-forms, and also a number of minute lath-shaped felspars 
and larger porphyritic crystals of felspar, mostly orthoclase with a little plagioclase and greenish 
augite. The rock may be called an andesite. 

The next flow above this, which underlies a thin series of shales and quartzites near the middle 
of the section is a quartz-andesite. It is a dark red to purple-brown rock, amygdaloidal at the top 
with amygdalcs up to four inches in length, and banded near the bottom, while the central portion is 
massive and crystalline in appearance. Under the microscope the rock shows a finely crystalline 
ground-mass of quartz and felspar, mainly in micrographic intergrowth, with occasional spherulitic 
structures and a little glassy matter, with porphyritic crystals of plagioclase felspar and a little green 
pyroxene. 

In the upper half of the Volcanic Series, sedimentary rocks are interbedded with the lavas on 
at least five different horizons. The thinnest of these occurrences consists of six feet of fine-grained 
brownish well-bedded quartzite. The thickest, which underlies the thick sheet of banded lava near 
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the tap of the series, includes 250 feet of extremely hard, flinty shales or flags, with red fine-grained 
felspathic sandstones very evenly bedded, the uppermost 50 feet much indurated by the lava flow 
above. A third series of sedimentary beds has at the bottom 50 feet of typical soft purple Waterberg 
shales, passing up into 100 feet of sandstones — purplish brown and soft below, yellow and quartzitic 
above. On the line of section, above the big conglomerate at the base of the Shale and Sandstone 
Series, the deposition of purely sedimentary beds appears to have gone on without interruption. In 
some i»laces, however, small contemporaneous flows, representing the latest manifestations of volcanic 
activity occtu" at a somewhat higher horizon. A notable instance is the amygdaloidal flow lying 
between two conglomerates on the farms Elandslaagte (139), Klipplaat drift (52), and Nooitgedacht 
(72), and continued northwards as far as Avontuur, where it dies out. On Naauwpoort it has a thick- 
ness of about 250 feet. The rock is much more basic in character than most of the other lavas of the 
Volcanic Series. It is purple to purplish-black in colour and usually very amygdaloidal in character. 
The amygda'es consist of calcite, chlorite, or calcite with an outer chlorite zone, or in some cases of 
red jaspery material. On exposed surfaces the amygdales are frequently weathered out, and the rock 
has then the appearance of a highly vesicular lava. On Nooitgedacht (72), on the edge of the steep 
slope, overlooking the valley of Hoedspruit from the west, the amygdaloid is in contact with fine- 
grained sandstones above and below. The junction with the sedimentary beds above is very well seen, 
and shows all the phenomena usually seen where sedimentary deposits have been laid down directly 
upK)n the rough upper surface of a lava flow. The irregularities of the surface of the igneous rock are 
filled in with sedimentary material, as are also such vesicles as open either to the surface or into fissures 
originally communicating with them. The sedimentary beds near the junction are composed of 
material very similar in character to that of the lava flow, from the ddbris of which they were originally 
derived. They are occasionally ripple-marked. 

It is difficult to realise the great development of volcanic rocks included in the lower portion 
of the Waterberg System until such a section as that described above is met with, and when the 
enormous thickness of some of the individual sheets and their apparently thoroughly crystalline 
appearance in hand specimens is considered it is not surprising that their true character has not been 
hitherto fully realised. Where the dip of the strata is low, single flows may cover very large areas at 
the surface, and the outcrop of the whole series becomes extremely wide, as on the east and south of 
the big Middelburg syncline, thus rendering the bedded character of the series a feature very easily 
Overlooked. It appears very probable that some at least of the felsitic rocks of the Bushveld at present 
regarded as portions of the Bushveld Plutonic Series may ultimately be found to be members of the 
Volcanic Series of the Waterberg System. 

^4) Igneous Rocks Intrusive in the Waterberg System. 

Besides the extensive series of contemporaneous volcanic rocks, which forms an integral portion 
the lower division of the Waterberg; System, various igneous rocks occur which have been intruded 
^nto it at later periods of its history. These vary in character from acid rocks, of which the Red Granite 
*s the most typical, which form very extensive intrusions usually met with near the base of the 
sj^tem, to diabases, gabbros, and other basic types, which occur both associated with the acid rocks 
^t the base and also in the form of numerous sheets and dykes in the upper portion of the system. 

(a) The Red Granite, Granophyre, and Granite-Porphyry. — The typical Red Granite of the 

Bushveld occurs extensively on the north-western portion of the area, and probably underlies the 

Volcanic Series in many parts of the district. The characters of this rock have been so frequently 

described that there is no necessity to deal with it here in detail. Granophyres, exactly similar in 

appearance to those found to the north of the Magaliesberg, north-west of Pretoria, also occur, as on 

Biepkloof (539), where they underlie the Waterberg Volcanic Series, a sharp line of junction between 

the two being frequently distinguishable. In these granophyres the coarse quartz of the normal Red 

Granite is absent, but in thin sections quartz is seen to be abundantly intergrown with the felspar of 

tbe rock. 

Evidence of the intrusive relationship of the Red Granite to the rocks of the Waterberg System 
was given in the report of the Geological Survey for 1903 (pp. 13-14)- In the present area the 
^trusive character of the Red Granite is very clearly shown by the character and behaviour of a very 
extensive sheet, whose outcrop is shown traversing the Volcanic Series near the northern margin of 
the map. This intrusion takes the form of a very thick sheet whose outcropping edge approximately 
follows the strike of the Volcanic Series, but is not confined to any particular horizon. It is well seen 
on the north boundary of Zekoegat (89) where it forms a conspicuous ridge, distinguished by its very 
red colour and somewhat massive weathering, and by the presence of numerous small clumps of bushes. 
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It is also well seen where it crosses the main road to the Bushveld on Avontuur (135). Beyond the 
eastern limits of the map it bends round with the strike of the Volcanic Series and crosses Nooitgedacht 
(12) and Klipspruit (117). It appears to be repeated by a fault west of these farms on Welverdiend 
(125) and Rooikop (134), where owing to a low dip of from 5° to 10° it covers a very large area at the 
surface, although probably very much thinner here than on Zekoegat, where it is not less than 1,000 
to 1,200 feet in thickness. In its central portions the rock is a coarse granite, very red in colour, indis- 
tinguishable in appearance and lithological characters from the typical Red Granite of the Bushveld, 
of its connection with which there can scarcely be any doubt. Towards the margin there is an increasing 
tendency to a porphyritic stnicture, with large crystals of quartz and felspar in a finer-grained granitic 
ground-mass, and this, the predominant phase of the rock, is best described as a granite-porphyry. 
Near the middle of the northern boundary of Zekoegat the rock is well exposed in the bed of a spruit. 
At 30 feet from the margin _ the rock becomes a quartz-felspar-porphyry with phenocrysts of quartz 
and felspar in a finely crystalline to stony-looking matrix, while six inches from the margin the only 
crvstalline constituents visible to the unaided eye are some small scattered felspars. The rock, with 
which it is in contact above, a purplish-black amygdaloidal andesitic lava of the Volcanic Series, is 
much indurated for some distance, forming a hard polished surface in the bed of the stream. Further 
west on Tweefontein (197) the granite-porphyry is well seen at the sharp bend on the Olifants River, 
intrusive in the soft brown and purple sandstones which form the floor of the valley. The granite- 
porphjn'y breaks across the bedding of the sandstones, which near the contact are very hard and 
quartzitic in charactei, forming a steep dip slope, against the base of which the river makes the sharp 
bend shown on the left of the photograph in Plate IX. 

(6) Basic Intrusive Rocks. — Along the northern margin of the area occupied by the Waterberg 
System extensive basic intrusions occur, which are probably comparable to the gabbros, norites, and 
diabases, occurring about the marginal portions of the Red Granite to the north and west of Pretoria 
which rocks they resemble in appearance. They are frequently coarse-grained and massive and about 
Wagcndrift (28) rise into considerable kopjes and ridges. They will again be referred to below in con- 
nection with the cobalt, copper and magnetite occurrences on the Kruis River. 

Numerous intrusive sheets of diabase occur throughout the Waterberg System, in the upper 
portion of which they usually follow the bedding-planes for long distances, frequently cropping out 
along the slopes below the principal escarpments, as in the case of the diabase showm extending from 
Nooitgedacht ,(274) to " The Hell." In the Selons River Valley the relationships of the diabases are not 
quite so simple, as already mentioned in dealing with the general geological structure of the district. 
The sinuous outcrop of the diabase, which crosses the Little Olifants River on Draaihoek (470) is due 
to the low dip and the deeply eroded character of the river valleys in that neighbourhood., while the 
broad extension of the outcrop of the diabase occurring on the northern j)ortion of Rietfontein (27) is 
due to the dip almost coinciding with the slope of the surface. 

(5) Summary of Conditions ptcvailing during the Deposition of the Waterberg System* 

As a result of the survey of the area dealt with in the present report and of the country further 
west mapped in previous years, it is now possible to form a moderately complete idea of the nature 
and sequence of the geological conditions prevailing during the laying down of the Waterberg System. 
The whole period must have been one of subsidence, and its earliest portion was also one of intense 
volcanic activity, during which a succession of very extensive lava-flows, mainly of acid and intermediate 
composition, was poured out at the surface, giving rise together with the associated tuffs, breccias, and 
agglomerates, to the Volcanic Series of the Lower Waterberg. In many localities these deposits were 
probably laid down upon a surface formed by rocks of the Pretoria Series, which had already undergone 
a certain degree of folding and denudation. The area about the present site of Middelburg and to the 
north and west, including the neighbourhood of Rhenoster Kop, was probably not far removed from 
one of the active centres of volcanic activity, and it appears likely that, as in the case of the Old 
Red Sandstone of Europe, several such areas more or less separated from each other may hav-e 
existed. In the short intervals between successive outbursts of volcanic activity, sedimentary con- 
ditions prevailed, and after the close of the \'olcanic phase, continued for a very long period of time, 
during which, in the Middelburg area, upwards of 7,000 feet of sedimentary rocks were laid down. 
During the first part of the sedimentary phase portions of the previously-form.ed volcanic rocks were 
exposed to active denudation, and furnished much of the material for the succeeding conglomerates, 
sandstones, and shales of the lower division of the Waterberg System. During the deposition of this 
series the depth of w\iter, in which the sediments were laid down, appears to have varied considerably 
in different localities, and to have been greater in the area about the town of Middelburg than was the 
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case 20 miles further north. Later, comparatively shallow water conditions became general and 
prev'ailed during the deposition of the greater part of the upper division of the system, and finally the 
character of the sediments deposited during the latest portion of the period concerning which we 
have at present any evidence points to their deposition in an extremely shallow area swept by strong 
and variable currents carrying large quantities of sedimentary material, the area of deposition being 
probably divided into a number of more or less separate basins. Subsequently, the whole succession 
of strata thus laid down was invaded by intrusive igneous rocks, amongst the earlier of which were the 
red granite, norites, and diabases of the Bushveld Plutonic Series, the diabasic intrusions being 
continued at various subsequent periods. 

7. The Transvaal Systkm. 

Of the area under review the Transvaal System occupies but a very small portion on the extreme 
north. The valley traversed by the Kruis River and the lower portion of the Selons River is bounded 
on the north by very high ridges composed for the most part of yellowish-white quartzites, dipping 50° 
south, which are very similar in appearance and character to the quartzites of the Pretoria Series, to 
which they very probably belong. There are several parallel ridges of quartzites, the intervening valleys 
being almost entirely occupied by extensive intrusions of diabasic rocks. In one of these on the farm 
Goedgedacht (194), to the north of the farm Kruisrivier, the quartzites are associated with shales of 
Pretoria type. The quartzites appear to have a considerable extension both to the north-east and 
north-west of Kruisrivier, beyond the limits of the present survey. On Kruisrivier (65) and Laatste- 
drift (82) the quartzites are separated from the Volcanic Series at the base of the Waterberg System 
by a very extensive basic intrusion, which occupies the whole valley, and which is associated with 
syenitic and granophyric types very similar to those accompanying the diabases and norites which lie 
above the Pretoria Series in the district east and west of the capital. The separation of the Waterberg 
Sj^tem from the Pretoria Series by such intrusions resembles very cloesly the conditions prevailing 
for a long distance along the neighbourhood of the junction of these two formations from Pretoria nearly 
to Balmoral, except that near the Kruisrivier the intrusive rocks underlie the thick Volcanic Series of 
the Lower Waterberg, while east of Pretoria, owing to the absence of the Volcanic Series, the intrusives 
lie directly below the sandstones and quartzites of the upper part of the Waterberg System. 

8. Economic Geology. 

The area under consideration is not remarkable for the number or extent of the occurrences of 
minerals of economic importance which have as yet been found in it. Coal, iron, gold, copper, and 
cobalt are all known to occur, but none of these have b^en worked to any extent. A very large pro- 
portion of the surface is occupied by the Waterberg System, which hitherto has not been found very 
fruitful in minerals of economic importance, although these are very frequently found in the intrusive 
rocks associated with the base of the system, while coal and iron are often abundant in the Karroo strata, 
by which the Waterberg rocks are frequently overlain. 

Coal, — As will be seen from the map in Plate XXXIII., the Coal-measures occupy a considerable 
extent of country in the south-eastern portion of the area. In describing the Karroo System it has been 
pointed out that the Coal-measures form a very thin covering in many places over the older underlying 
rocks, a consideration which limits considerably the probable extent of coal-bearing ground. Coal- 
seams have been opened up at various places, most of which have been indicated on the map, including 
workings on Elandspruit (501), west of Uitkyk Station, Vaalbank (182), S.E. of the same place, and 
Bankfontein (503), the most extensive being those on the western portion of Vaalbank. At the time 
of the present survey, however, no active work was being carried on at any of these locahties. 

Iron, — A somewhat remarkable occurrence of iron ore is found 30 miles N.N.E. of Middelburg 

on the faiTO Diepkloof (539), lying just beyond the margin of the map. Here a kopje, which from a 

distance appears quite black, rises from the north bank of the Kruis River to a height of 150 feet, its 

length being about 250 yards. The upper half of the kopje is composed almost entirely of magnetite, 

while in the lower portion magnetite is associated with a coarse gabbro, recalling in appearance the 

norites north of Pretoria, to which tlie rock may be compared in geological position as part of the Igneous 

Complex of the Bushveld. The gabbro, which covers a wide extent of the adjoining ground, and is a 

part of the extensive intrusion extending westwards to beyond the Olifants River, is a coarse, crystalline 

rock, mainly composed of plagioclase felspar, mostly idiomorphic, and a pale greenish augite, with a 

considerable proportion of magnetite, which is very remarkable as showing no crystalline outlines, appearing 

to have been the latest constituent of the rock to crystallise. The rock also contains a httle apatite- 
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Both the gabbro and magnetite show a platy structure, the latter being jointed into huge blocks. The 
magnetite is for the most part fine in texture, but occasionally coarsely crystalline, like that occurring 
in the norites to the north of Pretoria. Like the latter it appears to be a magmatic segregation in the 
igneous rock, of which it forms a part, and it also tends to form zones, after the manner of the Pretoria 
occurrence. 

Iron oxides occur abundantly in many localities in the shales above the Glacial Conglomerate, 
and below the Coal-measures. The iron is of a concretionary nature, and is probably derived for the 
most part from the oxidation and solution of the pyrites associated with the coal seams. The shales 
become highly ferruginous, containing more than 40 per cent, of metallic iron in some cases. 

Cobalt. — The occurrence of cobalt ores on the farms Kruisrivier (65) and Laatstedrift (82), in the 
extreme north of the area included in the map, has been known for many years. On account of the 
comparative rarity of ores of cobalt and their association in this instance with notable quantities of 
gold, the Kruis River cobalt lodes have always been regarded with considerable interest. Although 
the lodes have been described by several authors,* some doubt remains as to the nature of the country 
rock, which has been regarded both as a quartzite and an aplite. While the latter view would be likely 
to result from the examination of hand specimens alone, the field evidence leads rather to the opinion 
that the rock is an altered felspatliic sandstone or quartzite, partly recrystallised by contact with a very 
extensive basic intrusion, which immediately overlies it. 
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The mode of occurrence of the cobalt ore, as exposed in the workings near the surface at the 
Kruis River Mine, is shown in tlie skctcli in Fig. 6. Here the beds marked Q are the uppermost of a 
series of quartzites, not less than 200 feet thick, dipping 50° to the south, and forming a high ridge rising 
some 500 feet abo\'e the valley of the Kruis and Selons Rivers. The quartzites are thick-bedded, yellowish 
or pinkish-white in colour, and of medium grain. Between the quartz grains there is usually a consider- 
able amount of interstitial felspathic material, which gives to the rock their pink colouration. In 
general appearance they are similar to the quartzites of the Pretoria Series, to which they most probably 
belong. 

In Fig. 6, D is tht' lower portion of a very large intrusion of basic igneous rock in contact with the 
quartzites, and extending parallel with them for a distance of many miles, and forming the floor of the 
valley of the Kruis and Selons Rivers, as shown in the map, its outcrop at the surface being from half 
a mite to a mile or more in width. In most places where it is exposed the rock is very coarse in texture, 
and is composed of light grey plagioclase felspar, greenish-black aiigite, and a little magnetite ; the 
augite under the microscope shows in some cases a diatlagic structure. This phase of the rock may be 
called a gabbro. Near the contact with the quartzites the rock becomes much finer in texture and 
much darker in colour. Specimens from a shaft sunk into the junction arc very fresh. The rock, 
which is dark grey in colour, of medium texture, and holocrystallinc, shows under the microscope lath- 
shaped idiomorphic plagioclase felspar, pale green augite, and a little magnetite. It may be described 
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v.— THE GEOLOGY OF THE CENTRAL PORTION OF THE LYDENBURG DISTRICT 

BETWEEN LYDENBURG AND BELVEDERE. 



By A. L. Hall (Geologist). 



I. Introduction. 

The following report deals with the northerly continuation of the field work completed during 
the winter months of 1905. 

During that year the mapping was carried as far as a line drawn from Lydenburg due east to 
Sabie ; in the present year the work was extended in a northerly direction as far as a line di awn cast 
and west through the junction of the Steelport and Olifants Rivers, representing a strip of country about 
40 miles in length and 28 miles in width ; as before, the base of the Black Reef Series, roughly coinciding 
mt\\ the edge of the great eastern escarpment, formed the limit, to which mapping was extended towards 
the east ; while on the western side the approximate boundary was formed by the Spekboom River as 
far as its confluence with the Steelport River. (See Map, Plate XXXIV.). 

The area thus examined amounts to 1,333 square miles and contains 1,670 miles of geological 
boundary hnes. 

The main statigraphical divisions established for the area further south, described in the Annual 
Report for 1905, were found to hold good for the present area also, but it was not always possible to 
trace out all the leading horizons for reasons which will be given below. 

There are many features which make this portion of the Lydenburg District particularly attractive 
to the geologist. The scenery may be regarded as perhaps the finest in the whole Transvaal, especially 
near Belvedere, in the neighbourhood of the junction of the Blyde and Ohrigstad Rivers ; and where 
the Olifants River cuts through the Black Reef Series, the scenic elements compare favourably with some 
of the best Alpine features for variety and contrast. In the second place, interesting phenomena can be 
observ^ed near the base of the Pretoria Series and of the Dolomite, where mining operations on Frankfort 
and Lisbon have afforded exceptionally good exposures ; lastly, we have in this district the important 
gold mining industry of Pilgrims Rest and neighbourhood, associated mainly with auriferous horizons 
in the Dolomite. 

2. Physical Features. 

In a district which shows so many different geological formations, ranging from the Magaliesberg 
quartzite down to the Older Granite, it is not surprising to find considerable contrasts in the surface 
features, and so much is this the case, that it is hardly possible to review them from a single standpoint. 

With the exception of the tract of country near the junction of the Waterval and Spekboom 

Rivers, the whole area belongs to the Middleveld type of scenery, although from the point of view of mere 

elevation above sea-level certain parts would be counted as Highveld. It will be convenient to consider 

the physiography of certain belts of country running roughly north and south, and limited either by 

main water-courses or by conspicuous topographic lines. 

(a) The Valley of the Spekboom and Waterval Rivers. 

The Spekboom River rises near the high ground of shales and quartzites a few miles east of 
lydenburg and soon after passing this town, it enters country entirely different in character. This 
remarkable change can be best studied along the main road connecting Lydenburg with Fort Burger 
on the Steelport River. After crossing the Spekboom River, 3^ miles north of Lydenburg, the road 
b^ns to rise over a wide belt of shales and diabases until one reaches the long conspicuous ridge, which 
forms the most noticeable feature in the scenery west of Lydenburg. This ridge has a north and south 
course for a considerable distance and consists of hardened black shales. Wliere the road reaches the 
highest point — about 620 feet above Lydenburg— one obtains a magnificent view towards the north-east 
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Fi^'. 1. view ol the Drakensberg, looking southward tram "Devils Window,' Belvedere. 
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very forcibly. The gorge-like character of the Blyde River \'alley from Pilgrims Rest northwards, 
especially the verj' precipitous walls of dolomite, along which winds the romantic little path to Frankfort, 
must be attributed to the same causes. 

A few miles north of Ohrigstad, where the river of that name passes out of the Pretoria Series 
into the Dolomite, the country becomes much more wcxKled and the main valley less confined, the 
general level is at the same time considerably lower than along the Blyde River between Frankfort and 
Pilgrims Rest. Hence the topography is not nearly so rugged ; the landscape generally has a softer 
character and more pleasing aspect. 

The Dolomite throughout the area rests directly on a gently inchned platform of quartzites and 
sandstones of the Black Reef Series, arranged in accordance with the general westerly dip of the Trans- 
vaal System. Traced northwards from Sabie Falls this quartzite shelf gradually widens, but never 
shows any marked hills, only a continuous slightly undulating surface, free from vegetation and watered 
by many rich streams. North-west of Belvedere the ground is distinctly more hilly. This is not due, 
however, to the character of the Black Reef Series itself, but is caused by outliers of Dolomite, one of 
which is indicated upon the map (see Plate XXXIV.), south-east of the junction of the Treuer and the 
Blyde Rivers. 

No mere description can convey an adequate idea of the grandeur of the country between 
Belvedere and Blyde River's Poort, where this stream enters the granitic Low- Veld area. The old gold 
mining camp of Belvedere lies close to the common beacon of the farms Op de Berg, Erasmus Hoop, 
Welgevonden, and Hebron, on an almost level shelf of Black Reef shales. The great escarpment of 
the Drakensberg here forms a fine semi-circular curve, cut into by a number of spruits, which give rise 
to precipitous and densely wooded kloofs. Immediately below the edge of this escarpment runs a massive 
kranz of quartzite, nearly 500 feet in thickness. The rock underlying the camp consists of shales, which 
form the shelf alluded to, while about a quarter of a mile west of the camp rises another escarpment, 
the lower portion of which is still built up of shales and shaly sandstones, capped by the upper series 
of quartzites. Thus, near Belvedere one has an upper escarpment merging by degrees into a platform 
of shales terminated eastwards by the main escarpment of the Drakensberg (see Section, Plate XXV.). 
Since the junction between the uppermost quartzites and underlying shales forms an important water- 
bearing stratum, the slopes above the level of the camp are again densely wooded. The great plain 
of the Low Country lies some 1,500 feet below Belvedere ; and a very steep winding footpath affords 
the only means of descent. On a clear day the chain of the Lebombo Hills can be seen on the distant 
horizon. Since the dip of the Black Reef Series is towards the west, as one follows the Une of the escarp- 
ment eastwards, it gradually rises, until it culminates in two superb bluffs 3,500 feet higher than 
Belvedere, one to the north-east and the other to the south-east (see Plate XL). Simultaneously 
the shelf of shales becomes more and more reduced in width in these directions, so that eventually it 
ceases to form any topographical feature. Hence the whole thickness of the Black Reef Series — here 
some 1,200 feet — takes part in the formation of the perpendicular walls of these bluffs. 

Traced northwards from Belvedere through Marieps Kop towards the farm Driehoek (548), where 
the Blyde River has finally reached the Low- Veld, the country occupied by the Black Reef Series presents 
an even more striking configuration, due mainly to the great thickness of the quartzites, combined with 
the profound sculpturing action of the larger rivers. From Hermansburg (1035) northwards to the base 
of the Dolomite the Blyde River flows in a fairly open valley and is not confined by conspicuous embank- 
ments, but less than half a mile after leaving this formation, the river has cut its bed, by a rapid 
succession of cataracts and waterfalls, deeply into the underlying quartzites. Meanwhile the Treuer 
River and Belvedere Creek, coming from the south-east, have done their share in carving the Black 
Reef shelf into a striking series of deep winding gorges. They now join with the main stream, and, thus 
reinforced, the Blyde River flows onwards to erode its channel still deeper into the solid rock, till it runs 
like a thin silvery streak, at the bottom of a superb cafion over 2,000 feet in depth. 

Nowhere can these features be studied with greater clearness than near the extreme eastern 
beacon of Elandsf on tein (167), about a quarter of a mile north of Makuk's Kraal. Plate X., Fig. 2, 
illustrates the view looking eastwards from the kraal, which is built at the edge of the plateau formed 
by the uppermost beds of the quartzite. From the immediate foreground up to the sky-line the rocks 
consist of quartzite and shales of the Black Reef Series, the latter, as near Belvedere, occupying an 
intermediate horizon between the upper and lower quartzites. Between the edge of the main escarp- 
ment and the Blyde River, represented in the plate by a short white streak in the centre of the foreground, 
there is a difference of level of nearly 2,500 feet. The threefold division of the Black Reef Series is 
clearly indicated in the form of the striking conical kopje seen on the left side of the foreground. It 
is capped by a steep cone of quartzite, while about the base there is a kranz of the same rock, the 
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gentler and well wooded slojjes below the upper kranz consisting of the middle shale group. The 
faint sky-line in the centre of the far back-ground is formed by the level plateau of the 
historical Marieps Kop — over 6,000 feet above sea-level, and about 1,800 feet higher than the 
corresponding plateau in the immediate foreground. Very striking forms of weathering are seen in 
the massive cylindrical pillars of quartzite surmounted by bowl-shaped or conical cappings of shales, 
the latter being due to the protective influence of a thin remnant of the lower beds of the upper quartzite. 
If the view is more closely examined, sucli a case will be observed a little to the right of the centre and 
close to Marieps Kop. 

The origin of these striking isolated pillars must be looked for in the numerous vertical joints, 
which freely traverse the rocks over considerable distances, combined with the powerful process of 
" deflation," so well described by Walther.* After the beds have first been spHt up by these vertical 
joints, dry weathering, acting mainly through the influence of ** insolation " (extreme changes of tem- 
perature), loosens the small particles of quartz, of which these rocks are composed. Finally, the wind 
carries the smaller particles away, slowly but surely widening the original joint or cleft, until we have 
these striking pillars, seen in the photograph. 

The same view also shows the Blyde River emerging from its gorge. A little to the south, the 
canon assumes its most striking proportions, at the top not more than a quarter of a mile across, at the 
hottom only as wide as the river, with a depth of nearly 2,000 feet. Thus the gorge is on a far grander 
scale than the better known valley of the Crocodile River at Waterval Onder on the Eastern Railway 
Line. 

Like the Blyde River, so the Ohrigstad River presents similar features, when it traverses the 
Black Reef Series, but they are built on a much smaller scale. From Haakdoorndraai (447) northwards, 
and while the river is still on Dolomite, it forms a wide, open and fertile valley ; where it enters the 
underlying quartzites, the valley only becomes slightly narrower and no very striking gorges are to be 
found. This arises chiefly from the following considerations. Taking the point, where the Blyde River 
cuts the base of the Dolomite, as 3,500 feet above sea-level, the corresponding point for the Ohrigstad 
as 2,700 feet, and the junction of both streams as 1,800 feet above sea-level, we obtain the following 
result : — 

Average gradient of Blyde River i in 42. 
,, ,, of Ohrigstad i in 70. 

Thus the Ohrigstad has lost most of its corrosive power much higher up than the Blyde River, 
and when the latter is still vigorously pursuing its course in the bottom of a more or less narrow valley, 
the Ohrigstad River is meandering sluggishly. A further important factor in this connection is the amount 
of water in the river. It is well knownf that the corrosive power of a stream increases enormously with 
its volume. Now, although the Ohrigstad River has a catchment area considerably greater than that 
of the Blyde, the latter receives far more water from its tributaries than the former, so that at any point 
in its course the volume of water is always greater in the Blyde River than in the Ohrigstad. The 
question why the one river receives so much more water than the other may be more conveniently 
discussed in connection with tlie water supply. 

Near Marieps Kop the great Drakensberg escarpment gradually bends round towards the north- 
west. Concurrently with tliis change in strike there is a marked increase in dip, and hence arises the 
important transformation in tlie physical features, so noticeable in the case of the Black Reef Series 
between the Blyde and Oliphants Rivers. From Sabie to Marieps Kop the main escarpment forms 
practically a continuous line, presenting a vertical face to the Low Country, from which it rises like a great 
wall. Between these two localities the average dip is between tlirec and four degrees. Hence, leaving 
out of consideration the sculpturing influences of river erosion, tlie reverse side of the escarpment forms 
a gently inclined and extensive shelf. West of Marieps Kop, however, the dip of the formation varies 
from 20 to 30 degrees, though the change is not a sudden one. As a result, the face of the escarpment, 
now looking northward, is no longer vertical, but inclined at about 50 to 60 degrees, so that the sheer 
drops of 2,000 feet and more near Belvedere are gradually replaced by somewhat steep slopes. The 
best position to study this effect is from the summit of Marieps Kop, J where the observer is at a distinctly 
higher elevation than anywhere along the same ridge north-west of the Blyde River. This position also 
forms the angle of the bend, so that here the contrast between the two types of escarpment is at its 
maximum. On Sheet 16 (Selati) of Jackson's Series of maps, which forms the basis of the geological 
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map on Plate 'XXXIV., the difference between the escarpment south and north-west of Marieps Kop 
can be appreciated at once from the contouring. Where the Black Reef Series approaches the Olifants 
River it forms a chain of conspicuous hills, of which Olifantsberg* is the most prominent and 
distinctly visible from the valley of the Ohrigstad River, a few miles north of the old town. Just as the 
face of the escarpment has no longer the appearance of a wall, so the reverse side has lost all 
characteristics of the shelf, which forms such a constant feature of the Black Reef Series further south. 

(d) Water Supply and Main Drainage Lines, 

On the whole, this part of the Lydenburg district is well watered, especially the eastern portions 
over the Dolomite and Black Reef Series. The main drainage lines are the Blyde, Ohrigstad, and 
Spekboom Rivers, rising close to Mount Anderson and eventually flowing into the Olifants River. 

The Blyde River has a length of about 52 miles and a catchment area of nearly 300 square miles, 
extending roughly from the base of the Pretoria Series to the edge of the Drakensberg on the east. This 
strip of country is well supplied with water, nearly all the streams being perennial. Most of the 
tributaries joining the Blyde River from the east drain the quartzite shelf of the Black Reef Series — 
such as the Waterfall River, north-east of Pilgrims Rest, the Treuer River, Belvedere Creek, and others 
further north. All the main drainage lines bring rich bodies of very pure water to the main stream, 
and during the ^^Titer's visit in July they still carried a considerable quantity. The great eastern escarp- 
ment forms a well marked water-shed between the Blyde and Sabie Rivers ; generally the di\ide coincides 
accurately with the crest line, a notable exception being found almost due east of Pilgrims Rest. Near 
the south-eastern comer of the farm Lisbon (No. 9), the extreme eastern water-shed turns away from the 
main escarpment in a westerly direction, so that an appreciable area of the lower Dolomite Series drains 
directly down the Berg into the Low Country by way of the Mac-Mac River. 

The history of this stream is somewhat peculiar. Rising near the conmion boundary of Lisbon 
(No. 9) and Driekop (1350), it flows due south as far as the old river diggings of Mac-Mac on Geelhoutboom 
(220), when it turns abruptly towards the east and plunges 300 feet down over the edge of the Berg con- 
stituting the famous Mac-Mac Falls. (See Plate XII.). Possibly this is to be accounted for by 
a secondary shifting of the drainage lines. On this view the Little Sabie River, now running north and 
south in a line with the Mac-Mac River, represents the original course of the latter stream, so that the 
sharp turn towards the east is the final effect of the cutting back in a westerly direction of a small 
tributary rising originally below the escarpment. Hence the present Mac-Mac River would represent 
a composite river tapped by a small stream, which at one time had no connection with it. Throughout 
the catchment area of the Blyde River we meet with numerous waterfalls, such as those of Mac-Mac, 
two fine falls of the Waterfall River and its tributaries on Lisbon (9) and Berlyn (458), the falls near the 
junction of the Treuer with the Blyde River, and others. The view on Plate XII. represents the Mac-Mac 
Falls looking westwards, which are typical of all these falls, invariably due to some hard slightly inclined 
bed, usually quartzite. 

An important problem in connection with this subject is the steady diminution of the supply of 
water in the Blyde River, which is beginning to be felt in the economic requirements of the mining 
operations near Pilgrims Rest. It is true that accurate data extending over long periods are not avail- 
able, but the writer is informed that records taken during seven years show that the diminution now 
amounts to 38 per cent., and that at the present rate the Blyde River would be dried up in 16 years. 
If these facts are correct, they undoubtedly open up a serious question, as it is by no means easy to find 
adequate explanations for this continuous loss, but it seems possible that some of the water is lost by 
percolating westwards through the Dolomite below the Pretoria Series. 

The main reason why the hydrographic basin of the Blyde River carries so much more water than 
that of the Ohrigstad River is a geological one. Practically no formations other than the Dolomite and 
Black Reef Series go to make up this basin, and since the quartzites of the latter have the character of 
sandstones down to some depth the great eastern shelf constitutes a long stretch of permeable ground, 
over which the run-off must be much less than over the shaly regions belonging to the Ohrigstad River 
basin. The same consideration applies to the Dolomite area. In addition, the position and influence 
of the great eastern escarpment causes an increased amount of precipitation. 

The catchment area of the Ohrigstad River amounts to some 512 square miles, while its length 
measures about 60 miles. The greater portion of this basin from Ohrigstad southwards is composed 



* This mountain is not intlirattNl <»n JackRiui's ninp, an<l it seems uncertain how much of the hilly ground known locally as 
()lifantsl>oig shouM IxMlcnotcd by this term. Its most conspicuous |:ortion ixnighly coincides with the s^»uth Ixiundaries of Calais and 
E<Unbur^'h. 



r' Btpurt, Oevlogieal Surr/ig. 1000. 




Mac Ilac Falls (••\er Hlack lUtr Qimil Kites), S.E. of nij,Tiiii> lli-i 



81 

of the comparatively impermeable shaJes and diabases of the Pretoria Series. While passing through 
the Dolomite and the Black Reef Series, it receives practically no water, so that these formations are 
hydrographically negligeable. The Ohrigstad River has a larger number of tributaries than the Blyde 
River, but its supply of water is distinctly less. This probably arises mainly from geological reasons, 
as the formations making up the bulk of the basin are clearly less pervious than the dolomite and sand- 
stones of the Blyde River basin. Thus, with a proportionately greater run-off, most of the precipitation 
would be at once carried away, and not, as in the case of the eastern basin, largely absorbed, to be returned 
to the surface in a more gradual manner. The nature of tlie beds of the main river and its principal 
tributaries lend support to this view. 

Of the Spekboom River only that portion of its basin on the east side of the stream comes under 

the present review. Like the others, it rises from the high ground near Mount Anderson, and, after 

pursuing a general nor-nor-westerly course, joins the Steelpoort River at Fort Burger. While the main 

river has a fair supply of water, this is nearly all obtained from the area lying between Krugers Post, 

Mount Anderson, and Lydenburg ; the only tributary of any dimensions is the Waterval River coming 

from the south-east to join the main stream some 20 miles north of Lydenburg. Nearly all the remaining 

tributaries shown on the map are negligeable as regards their supply, for, during the writer's visit to 

these parts in the latter half of May, these were already mostly dried up. One finds here, in reality, a 

waterless strip of country running north and south, and bounded on the west by the Spekboom River, 

from Fort Burger upstream to within some 10 miles of Lydenburg, while on the east this arid region 

is terminated by the striking diabase escarpment beginning at Krugers Post and running northwards 

along the left side of the Ohrigstad River. There is, however, every indication of the further extension 

of this dry region to near the junction of the Steelpoort and Olifants Rivers. Nearly the whole of this 

arid strip consists of a sheet of intrusive diabase and intensely metamorphosed shales, possessing 

a considerable areal extent, but nowhere giving rise to any thick soil. The lower portions of these dry 

valleys are well wooded, showing that the sub-soil must be retentive to some extent. The appearance 

of the river bed points to the fact that, at any rate during the short periods of great precipitation, the 

streams must carry a considerable quantity of water, but that this is soon lost owing to the rapid run-off. 

3. Descriptive Geology. 
la) General Remarks. 

The following formations occur in the district in descending order : — 
Magaliesberg Quartzites 
Shales with intrusive igneous sheets 
Daspoort Quartzite Series 
Shales and intrusive igneous sheets . . 
Timeball Hill Quartzite Series 
Shales and Intrusive Rocks . . 
Dolomitic Limestone and Chert 
Thin band of Quartzite 
Dolomitic Limestone and Chert 
Quartzites and Sandstones 

Shaly Sandstones 

Quartzite and Sandstones 



Pretoria Series 



Dolomite Series Transvaal System. 



Black Reef Series 



Older Granite . . . . . . . . . . . . . . . . . . . . Swaziland System. 

The three divisions of the Transvaal System are arranged in sub-parallel belts nmning north 
^d south in conformity with the strike, so that the above enumeration represents the natural succession 
of the various beds met with in the course of a traverse against the westerly dip, commencing with the 
lowermost quartzite of the Magaliesberg Scries in the west and ending with the Black Reef escarpment 
in the extreme east. 

If a line be drawn from Marieps Kop to the junction of the Spekboom and Waterval Rivers, then 
the strike of the beds south of this line is nearly due north and south, while to the north the strike is 
towards the north-west and west-north-west ; this change is not sudden but continuous, tliough somewhat 
rapid. Careful examination was made to ascertain whether this structural change might be due to 
repeated step faulting ; but no evidence was forthcoming to support this view. The only marked 
difference between the disposition both north and south of the dividing line is found in the degree of 
dip, and this only affects the Black Reef Series and the lowermost beds of the Dolomite. From Sabie 
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to Marieps Kop the average dip is about 4 degrees to the west as far as the base of Pretoria Series 
further in the same direction the dip increases, so that values from 7 to 12 degrees are commonly found 
North of the above-mentioned line the dip of the lowermost member of the system increases rapidh 
from 4 to 15 degrees, while near Olifantsberg it varies between 25 and 30 degrees, always without an) 
accompanying faulting. The beds of the Pretoria Series are continued without any change of dip,bu1 
show the general change of strike. 

Along the eastern limit of the map a narrow strip of granite is indicated forming the western 
edge of the floor of igneous rock and crystalline schists, on which the Transvaal System was laid down 
No systematic mapping was carried out in these rocks, and they were only examined as far as was 
necessary to establish the nature of the base of the Black Reef Series ; moreover this base is rarely 
accessible on account of the abrupt topography, combined with the frequent dense vegetation 
characteristic of the lower slopes of the great eastern escarpment. From Sabie northwards by way oi 
Marieps Kop to the Olifants River, only granitic rocks are met with, varied occasionaUy, as near Klip- 
kraal, south of the Mac-Mac Falls, by intrusions of diabase, generally between the base of the 
sedimentary rocks and the Older Granite. Faults and dislocations do not generally occur in this district 
on such a scale as to give rise to special topographical features ; the only locality where they are met 
with is in the immediate neighbourhood of the mining district of Pilgrims Rest, where numerous instances 
of minor breaks are noticeable in the underground workings, besides two powerful faults, producing 
surface features, close to the right bank of the Blyde River. These are more conveniently dealt w^ith 
in considering the economic geology. 

(b) The Black Reef Series. 

The lowest formation of the Transvaal System occupies a belt of country extending from the 
neighbourhood of Sabie northwards as far as the Blyde River, beyond which it follows a more north- 
westerly course. Its easterly limit is defined by the great escarpment of the Drakensberg, though the 
actual base of the series lies nearly always some distance below the crest line of the main ridge. One 
instance was found where the underlying granite occupies the steep eastern slope of the escarpment 
to within a few feet of the edge, namely, on Klipkraal (460), where the old main road branches off tc 
Delagoa Bay. 

Between Belvedere and Marieps Kop the Black Reef Series attains its maximum surface widtt 
of 5^ miles, from which it decreases both towards the Olifants River in the north-west and the Sabie 
River towards the south, where the belt of Black Reef sandstones measures only a little over half a mile 
across. Scenically the formation gives rise to a bare, generally well watered shelf, inclined towards the 
west in conformity with the dip at an angle varying from 3 to 7 degrees, the former value usuaUj 
predominating. 

The base of the Black Reef Series lies along the foot of the powerful kranz of quartzite, w^hicl 
constitutes the vertical upper portion of the face of the main escarpment, but only in a few isolatec 
places is it actually accessible. These are, below Sabie Falls, then 3^ miles further north on Klipkraa 
(460) along the old road leading to Delagoa Bay, again a little south of The Peak, a prominent bluff ir 
the escarpment north-east of Pilgrims Rest, at Belvedere, and at Marieps Kop. Almost invariable 
the lowermost bed of the sedimentary rocks rests directly on a somewhat undulating surface of gra} 
granite. At Klipkraal the basement quartzites are underlain by a sheet of very typical fresh diabase 
before the granite is reached. At Belvedere is found the most reliable and clearest section alon§ 
the whole escarpment, but it is difficult of access. From the main store at Belvedere a steep fe)otpatl 
leads directly down the " berg " into the Low Country at an average inclination of 45 degrees : along the 
path and a few yards to the north of it the base of the quartzite can be fixed to within about 20 feet 
Here the observer is some 500 feet below the summit and medium-grained granite is seen to underlie 
the Black Reef Series, clearly noticeable also in the more rounded surfaces of weathering as compared 
with the sharply defined joint-faces of the overlying sedimentary beds. Proceeding downwards the 
path soon enters the densely wooded low^er portion of the slopes and crosses a spruit about 1,150 feel 
below the edge of the escarpment, and, after passing another water-course within a few yards, it rise? 
a little to a point some no feet above the first crossing. This last point is situated on a sharp 
granite spur running northwards from the great southern bluff shown on Plate XI., and merging inte 
the base of the main kranz over 400 feet vertically below the highest point seen on the right side of the 
photograph. The spur consists of typical Older Granite right up to the base of the main kranz. 

Immediately above the granite follows a zone about two or three inches in thickness, composec 
of coarse sandy material with some felspathic matrix, representing the arenaceous floor on which the 
Black Reef Series was eleposited. This band passes insensibly upwards into coarse sandstone, up te 
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eight inches in thickness, overhiin by a tliin conglomerate or '' banket" up to three inches in thickness. 
Then comes a succession of alternating bands of coarse and fine sandstones or sandy quartzites, of which the 
finer-grained bands are generally the thinner. Higher up the coarse zones become much reduced, imtil 
the finer-grained sandy quartzites predominate. 

The appearances here described are in complete agreement with those observed along the same 
statigraphical horizon further south, a short distance west of Sibthorpe's store.* The rapid change 
in the character of the lower beds is also illustrated in the records of the Lisbon Berlyn borehole quoted 
by Mr. T. Gray.f 

The upper boundary of the Black Reef Series cannot be sharply defined anywhere in this part 
of the Lydenburg District, though in passing from the Dolomite to tlie Black Reef country, the change 
is evident from the different physical features met with. From Olifantsberg to north of the farm Berlyn 
(458) this change is well marked, but further south as far as the neighbourhood of Sabie the base of the 
Dolomite makes scarcely any feature in the topography, as the lowermost portion of the younger series 
forms a thin undulating layer over the older formation. Near Moffat's house close to the old Waterval 
store occurs a fine and highly instructive outcrop of the uppermost beds of the Black Reef Series, which 
will be more fully discussed in connection with the Dolomite. It is sufficient to state here that no sharp 
line can be drawn at the base of the latter series, and that a transition zone of some thickness constitutes 
the passage from the younger into the older formation. 

Lithologically the Black Reef Series consists of a succession of sandstones, quartzites and 
arenaceous shales. Cores brought up from the Lisbon Berlyn bore-hole show that the most siliceous 
beds in the freshest condition are true quartzites, usually pale greyish blue in colour. These frequently 
alternate with finer-grained sandstones and shaly rocks.J Occasionally, conglomerate beds are to be 
met with. Near Belvedere this series of beds is sufficiently differentiated to admit of a threefold sub- 
division into upper and lower zones of quartzites with sandstones, separated by a middle division of sandy 
shales, as indicated in the section on Plate XXV. 

The upper quartzites have a thickness of approximately 170 feet and consist mainly of typical 
gre3nsh blue, medium to coarse-grained quartzite, without shaly beds, and showing a pitted weathered 
surface of a white to pale grey colour, which is highly characteristic of the more siliceous facies. Vertical 
jointing, productive of peculiar phantastic forms of the column and mushroom type are constantly 
'^curring.§ Perhaps nowhere in the whole district are the characters of the quartzite more strikingly 
displayed than at the locality known by the name of the '' Devil's Window," on the Government farm Op 
de Berg, 4 miles north of Belvedere. Here the whole of the Black Reef Series has been cleaved by a 
P^^rp>endicular joint, subsequently widened by erosion from the very top down to the bottom of the 
escarpment — a drop of over 2,000 feet. Plate XIII. represents the view taken of this spot. The gap 
*^ about 60 feet across. 

At Belvedere (see section, Plate XXV.), the upper quartzites form the higher and more westerly 
^f the two escarpments, but the threefold division of the series is not always recognisable in the scenery. 
^t^us north of Belvedere at the ** Devil's Window," or south near The Peak, the Black Reef Series forms 
^rie continuous vertical face, and even at Belvedere the upper escarpment gradually disappears as a 
Separate feature, and absorbs more and more of the two lower divisions when followed northwards. 

The lower quartzites are litliologically identical with the upper, except that on the whole the 
^ock is finer grained, while near the base conglomeratic beds appear. At Belvedere this series is about 
500 feet thick. 

The middle group consists mainly of slightly arenaceous shales, well exposed in the drives recently 

^^ade to strike the Sherwell Reef above the former residence of the Sub-Native Commissioner at 

I^elvedere. These form a succession, nearly 500 feet thick, of thinly bedded, yellowish grey shales, 

*^lways showing an admixture of some arenaceous material, and cannot be described as true argillaceous 

^I'^ales. Often layers averaging 3 inches in thickness of much more sandy shtiles, locally passing into 

sandstones, are found. The whole series has a westerly dip of 3°. The section shows how the upper 

Portion of this shale series forms the lower slopes of the upper escarpment, while towards the east the 

lowermost beds form a thin covering over the underlying lower quartzite plateau. 

In the Annual Report of the Geological Survey for 1905 a detailed description was given of the 
^lack Reef Series as developed in the better known district south-west of Pretoria,|| and in comparing 
^hose features with the development as occurring near Belvedere, a general resemblance in the characters 

*Ann. Rep. (leol. Survey, Transv., for 1905, p. 49 and Plate VI., tij,'. 1. 

tThord Gray, "Geolopcal notes on the Lydoiiburf? (Joldtields," Transv. (Jeol. Soc, S.A., vol. viii., pairc 79, 

jThord Gray, I.e. 

§t'om|iare Fbitc VII., Annual Report for 19(>:». 

II Ann. Rep. Geo!, Survey, Transv., for 19or>, paj^'e 09, etc. 



of the formation is clearly brought out, in spite of certain differences in detail. In both localities 
quartzitcs and shales are the leading rocks, the former closely resembling one another in appearance. 
The shale beds south-west of the Ciipital are fine-grained, true, dark coloured shales, identical with some 
varieties occurring in the Pretoria Series, while the corresponding rocks at Belvedere are lighter coloured, 
sandy shales. A similar double horizon of quartzite is found in each case, though it is much more marked 
in the Lydenburg than in the Pretoria District, where these two zones are only some nine feet in thickness. 
There one finds, in addition, a shaly series above the upper quartzite, succeeded by thin dolomite and 
more shak^, the latter beds forming a transition zone between the Black Reef Series and the Dolomite 
proper. The same features are found in the Lydenburg District, and are best seen along the common 
boundary of the farms Lisbon (9) and Berlyn (458), only instead of true shales we have here sandy shales 
passing sometimes into shaly sandstones. Wliile there are thus certain minor differences, there is a 
general agreement in the very variable facies pn^sented by the basal member of the Transvaal System, 
pointing to frequent and rapid changes in the conditions, under which the rocks were deposited. One 
may summarise the comparison as follows : — 

S.W, of Pretoria. Lydenburg District. 

Transition Zone . . . . Dark shales, with inter- Alternating beds of dolomite 

bedded dolomite. and sandstone. 

Shale Zone . . . . . . Shales, 30 feet . . . . Shaly sandstones and sandy 

beds. 
Upper Quartzite Oroup . . Quartzite, 3 feet . . . . Quartzite, 170 feet. 

Middle Shale Group . . Shales, 29 feet . . . . Shales and shaly sandstones, 

510 feet. 
\ Lower Quartzite (iroup .. Quartzite, 6 feet .. .. Quartzite, 500 feet. 



Black Reef 

Series. 



The thickness of the Black Reef Series as a whole increases rapidly from Sabie northwards, but 
only in a few places, where the base is accessible, can it be measured with any accuracy. Tlie most 
reliable estimate is based on the bore-hole already mentioned. This is situated a few yards east of the 
main road on the farm Lisbon (9), but its position sliows that it does not include the uppermost beds 
of the series, namely, the shaly beds referred to in the above table as the transition zone. Boring was 
discontinued at a depth of 1,100 feet, when there was no definite indication of the underl3nng granite 
having been reached. Among natural sections that of Belvedere gave the most reliable measurement. 
The figures for this locality given below include the shaly upper zone above the upper escarpment, 
though it appears at the surface 2\ miles south-west on Ledopliine (457). 

The following figures show the marked increase in thickness of the Black Reef Series from south 
to north : — ^ 

At the Devil's Kantoor . . . . no feet. 

,, Sibthorpe's Store . . . . . . 60 ,, 

,, Daoie • • . • . . . . 230 ,, 

,, Klip Kraal . . . . . . . . 420 ,, 

,, Mac-Mac . . . . . . . . 700 ,, 

,, Lisbon-Berlyn .. .. .. 1,200 ,, 

,, Belvedere . . . . . . . . 1,260 ,, 

,, Marieps Kop . . . . . . 2,550 ,, 

{c) The Dolomite. 

. The middle* division of the Trans\aal System in thi* central portion of the Lydenburg District 
presents the same general charactc^ristics as alrendy described from the area between (iodwaan River and 
Sabie ; but there are three aspects which render a closer study of the Dolomite between Sabie and 
Olifantsberg of particular interest. One finds hen* a definite and conspicuous band of quartzite inter- 
calated between beds of dolomitic limestone, some distance below the middle of the scries ; and, 
moreo\'er, the economic j)ossibilities of the formation assinne great importance, for in this district occur 
the main gold-bearing zones of the Dolomite, while lastly, the peculiar phenomena found near the base 
throw some light on the varying conditions, which must have prevailed during the deposition of these 
beds. 

Following upon the Black Reef plateau in a westerly direction the Dolomite has a similar dis- 
tribution, due to the slight westerly dip rarely (\\ceeding 7°, except near the Olifants River. The 
formation gives rise to distin( tive features in the landscaix\ principally on account of the great contrast 
between it and the under and overlying strata. Thus, the Pretoria Series is characterised mainly by 
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a more or less linear arrangement of high ground with marked escarpments, while the Black Reef Series 
is arranged in the form of a slightly shelving plateau, consequently the intermediate strip of country 
stands out with additional clearness, and constitutes on the whole a stretch of hilly country of uniform 
character. 

The upper boundary of the Dolomite is very sharply defined, and even at some distance the 
transition from the Pretoria Series above to the Dolomite below can be clearly followed by the occurrence 
along the lower slopes of the hills of a zone of whitish chert blocks, strewTi over the surface, in sharp con- 
trast with the smoother shale slopes above, though topographically there is no break at the base of the 
upper formation. Along the western side of the Blyde River, from its head waters to where it enters 
the Black Reef Series, the upper portion of the Dolomite crops out on the eastern face of the conspicuous 
line of hills in which Pilgrims Hill is situated, and scarcely any change in the nature of the slope is 
noticeable near the junction. Almost invariably one finds a thick continuous sheet of diabase lying 
between the base of the Pretoria Series and the top of the Dolom.ite. In places this intrusion has a 
thickness of 80 feet and more, so that it may give rise to a marked kranz, an effect very well noticed 
along the Kaspersnek River where this stream crosses the farms Kaspersnek (1,183) and Doomhoek 
(450), due east of Ohrigstad. As elsewhere, the upper portion of the series is mere clearly cherty, and 
in places the calcareous facies is suppressed altogether ; at the same time brecciated and conglomeratic 
beds also occur, being well exposed on the farm Frankfort (456), below Bevets Reef. Some 200 to 300 
feet below the top of the formation, and where the main auriferous horizons are met with, the succession 
of typical massive beds of dolomitic limestone with interbedded cherts commences, and is well seen along 
the right bank of the Blyde River, where it traverses the narrow valley between Pilgrims Rest and 
Frankfort. The dip is very uniform from 3° to 7° to the west, and as the two sides of the valley are 
very sharply car\'ed out, one finds long parallel strata of dolomite, of a black appearance, extending 
for several miles along the precipitous face of this portion of the Blyde valley. No more striking demon- 
stration of the massive and thickly-bedded character of this formation could be found than Is seen along 
the bridle-path leading from Pilgrims Rest to Frankfort, and which is cut into a cliff over 500 feet in 
height forming the western wall of the Blyde River gorge. 

The common beacon of the farms Hermansburg (1,035), London (1,220), Ledophine (457)» and 
Vaalhoek (1,451) is situated on a prominent point, which constitutes a striking landmark in the area 
north of Pilgrims Rest. It forms a bold feature of the " Spitzkop " type, a more or less isolated, sharply 
conical kopje, about the slopes of which the thick beds of dolomitic limestone fonn a series of terraces 
or steps. It is this pronounced type of weathering, initiated by powerful vertical jointing, which imparts 
to the Blyde River scenery :i distinctive character of its own. The kopje at Hermansburg is a scenic 
element constantly met with all over the Dolomite coimtry in a more or less pronounced manner. Thus 
the better known Maiisels Kop (Jubilee Hill), east of Pilgrims Rest, forms another example, while both 
north and south of the Waterfall River near the common boundary of Berlin (458) and Ledovine (70) 
the same agency gives rise to lines of high ground consisting of chains of similar " Spitzkopjes.'* 

Associated with the more strictly dolomitic facies of the fonnation there occur soft earthy 
deposits, brownish to black in colour, known as black manganese earth. These are fiequently met with 
during the mining operations carried out at Pilgrims Rest, and owe their peculiar appearance to the 
presence of manganese compounds. 

On the accompanying map a small outlier of Dolomite is shown occurring along the common 

boundary of Lisbon (9) and Berlyn. This patch affords the best opportunities for studying the 

series of beds, which forms a transition zone between that formation and the underlying shaly 

sandstones of the Black Reef Series. About a quarter of a mile north of the old Waterfall store (now 

in ruins) occurs a series of quarries of considerable depth, and still showing signs of former mining 

activities. In these wo have a good section of the basal beds of the Dolomite, though the question may 

slill be regarded as open whether these beds are not better placed in the underlving formation. A 

t^vpical face in one of the ciuarries is built up of an alternating series of dolomitic limestone and dark 

coloured quartzite, with occasional partings of shale and coarse sandstone. The calcareous zones 

consist of typical, bluish, compact, dolomitic limestone, and can easily be identified by the 

furrowed and rounded outlines of the weathered surfaces, which offer a strong contrast to the less easily 

eroded layers of sandstone or sandy quartzite, which consequently project in the form of clean-cut 

ledges. Qualitative examination proved the absence of calcareous matter in the latter, which consist 

JJ^ainly of small, dark coloured quartz grains, set in a plentiful bluish shaly matrix. The quart zose 

P^ds vary from three feet down to thin laminae, while the dolomite portions vary from one to three feet 

^^ thickness. If the quartzite layers were replaced by chert bands, the whole outcrop would recall the 

^^11 known arrangement usually associated with typical sections of the Dolomite Series. All the beds 

*^^ye a regular uniform dip of 3° towards the west, but there are numerous local, though unimportant, 

^^riations. 
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From the above observations it must be clear that the conditions which prevailed during the 
deposition of the Black Reef Series were continued for some time during the formation of the succeeding 
calcareous beds, that these conditions underwent repeated and rapid changes before finally assuming 
those favourable for the deposition of calcareous deposits. After a considerable accumulation of the 
latter had taken place the conditions were again temporarily reversed, as is shown by the occurrence 
of the Blyde River quartzite. 

The Blydc River Quartzite. — Since this bed of quartzite is best exposed along the Blyde River, 
the horizon may conveniently take its name from that stream. Cohen, who first described this part 
of the Lydenburg District,* regarded the Pretoria and Black Reef Series as one group, to which he gave 
the name " Schiefer-Sandstein Formation," while he regarded the Dolomite merely as an interbedded 
calcareous facies. It is, however, doubtful whether he visited the area north of Pilgrims Rest. Penningf 
examined the valley of the Blyde River north of Pilgrims Rest, and says, " The chief exposure of these 
chalcedolites is along the Blyde River Valley, best seen on its western side or escarpment, where the rock 
occurs in two series, the lower several hundred feet in thickness, with shales above, below, and 
between." More recently Passarge,J in quoting Penning, refers to the same behaviour of the Dolomite. 
The present survey does not bear out Penning's original statement, unless the single quartzite band 
was considered by that author to mark a division into two sub-groups. The *' shales above " are 
no doubt the Pretoria Series, while the " shales below " could only refer to the thinly-bedded shaly 
sandstones of the uppermost portion of the Black Reef Series. Quite locally, as on the western side of 
Burghers Pass, and near the eastern end of Jouberts Bridge at Pilgrims Rest, are found thin bands 
of dark coloured shale, only a few inches thick, but never of sufficient importance to warrant a sub- 
division of the whole series. 

Nicol Brown§ gives a vertical section, signed by A. Starke, showing the succession of strata at 
Frankfort, and, some 450 feet above the base of the Dolomite, a thin band of quartzite is shown, though 
no mention of it is made in the paper. 

Thord Grayll first makes definite mention of the quartzitic band, which according to that writer 
lies some 300 feet above the base of the series. 

On the map accompanying this report the quartzite is shown as a narrow band along both sides 
of the Blyde River north of Pilgrims Rest. Bearing in mind the low westerly dip and the gradual fall of the 
country towards the north its distribution will be easily understood. Along the left side of the river, 
a little south of the junction of Rotunda Creek with the main stream, the quartzite is some 20 feet in 
thickness, cropping out as a clearly defined escarpment, the yellowish white face of which is in strong- 
contrast to the black weathered surface of dolomite below and above it. From here northwards the 
rock can be easily followed until the river enters the Black Reef Series, when the outcrop turns north- 
west in conformity with the general structure. On Elandsfontein (167) the quartzite is about 60 feet 
thick ; good outcrops also occur on Nooitgedacht (353), some two miles south of the S.A.C. camp near 
the Olifants River. The general appearance and mode of weathering closely resemble those of the 
Magaliesberg or Daspoort quartzite of the Pretoria Series. 

In colour the Blyde River quartzite is somewhat variable ; reddish tints prevail, but these often 
pass rapidly into white or bluish patches, giving a distinctly variegated appearance. On the whole the 
rock is much coarser in texture than the quart^ites of the Pretoria Series, though here and there finer- 
grained portions, usually white, are found. Under the microscope the grains of quartz' show well- 
rounded and smooth outlines, and secondary enlargement** of the grains is seen to perfection, nearly 
ever\' grain being surrounded by a narrow band of cementing material in optical continuity with the 
original quartz. Linear arrangement of minute inclusions in the grains suggests an acid plutonic rock 
as the rock from which these were deri\'ed. Compared with thin sections of the Magaliesberg 
quartzite from north of Pretoria, in which the quartz particles are more angular and free from inclusions, 
the i)etrographical features of the Blyde River quartzite are fairly distinctive. Where ground-mass is 
fn^^ly developed it generally consists of a fine aggregate of very small, fresh, and less rounded quartz 
[rdrticles in an indeterminable matrix. 

A short distance south-east of the southern beacon of Granite Hill (233) are several pits in this 
quartzite. which is here very coarse and slightly conglomeratic, a feature which possibly gave occasion 
for Icx^al prr^specting. 

•<-'!.«-jj. • Kfiai^'rrri'l': IV-m»,Tk.. ct<;.'* Hamburg, 187."*. 

■r JV,,f. ...7. -- A .*:':»'-fi of \\\*', (Joldfields of South Africa/* Q.J.Ci.S., IHSa, page AOIK 

:p2i-niV':, I/*: Kalahari." Herlin, 1904. .,..,.. 

^ N '.. B* ,«.'.. - If.*- -rj/-'-r>^H'ofi of th(* r.K-ks in tlie Pilgrims Kest District. Trans. (J.S.S.A., IS1M>, vol. u., page .i. 

•* ' '^-^f^'Ci:, If Tf ^^n- afMl <'. K. van f lise. "On secon<lar>' enlargement of mineral fragments in certain rocks." Plates 111. to VI., 
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Over the southern portion of the map sometimes one, sometimes two bands are shown, though 
all the three Daspoort quartzites can be followed on the ground, but as they nearly always form 
pcrcipitous kranzen, and are thus superposed one above another, their boundaries cannot be 
separately shown, except where, as over the eastern part of Kranskloof, there is a more gradual transition 
from the kranz into a shelving plateau. The uppermost (juartzite, mapped cast and south-east of 
Lydenburg (see map in annual report for 1905), becomes quite subordinate when traced northwards, 
and is usually incorporated with the underlying Tunnel Quartzite from a topographical point of view. 
The latter remains as a continuous and conspicuous kranz, outlining through many miles the abrupt 
margin of the Spekboom River valley near the source of that stream. Along the striking escarpment 
coinciding with the eastern boundary of Kranskloof two bands are shown, the Tunnel Quartzite above 
and the Dwaal Heuvel Quartzite below. The latter is easily traceable from Waterval Onder as far as 
the Mauch Berg east of Lydenburg, but after crossing the main road it begins to die out topographicallv 
over the south-western corner of Finsbury (621), and to become again conspicuous near the source of the 
Ohrigstad River, where it is again shown on the map. Since the fall of the stream draining Kranskloof 
is greater than the prevailing dip, the distribution of the quartzites over (ioedgedacht (298). east of Knigers 
Post, is easily accounted for. 

The sequence of beds of the Daspoort horizon, taken across the ridge at the common beacon of 
Naauwpoort (112), Rosenkrantz (1444) and Kranskloof, is as follows. The dip varies from 5 to 10°. 



Thickness. 


Height above 




Sea-level. 


30 feet 


6,310 feet. 


20 „ 


6,290 „ 


100 ,, 


6,270 „ 


10-20 ., 




80 „ 





Diabase (forming the high plateau, over 6,200 feet above sea-level) 

Thin shales forming the shelving portion of the kranz 

Tunnel Quartzite (upper kranz) 

Thin shales (narrow ledge below) 

Dwaal Heuvel Quartzite (lower kranz) 

Amygdaloidal Diabase (lower slopes) . . . . . . . . . . . . — — 

Shales (in valley of Ohrigstad River) . . . . . . . . . . — — 

The main road leading from Lydenburg to Pilgrims Rest cuts through these quartzites one and 
a half miles north of Knigers Post, and from the nek overlooking the well wooded valley of the Ohrigstad 
River one looks over an amphitheatre of kranzen, in the centre of which and occupying the angle between 
the Ohrigstad and Pilgrims Rest roads rises a conspicuous kopje, consisting mainly of diabase and shale, 
but surrounded near its base by a well defined band of quartzite which belongs to an horizon intermediate 
between the Daspoort and Timeball Hill Series. It is not shown on the map, though the very accurate 
contouring in Jackson's map clearly indicates its presence. Standing at the base of this subsidiary 
quartzite, and taking a level down the dip, it is brought into a position well below the base of the lower- 
most band of the Daspoort Series, and unless a fault can be shown to exist, of which there is not the 
shghtest evidence, the additional quartzite must belong to an horizon of its own. Cohen,* who examined 
this immediate neighbourhood, was aware of this band and remarked that " the quartzites do not appear to 
follow a definite horizon, though they are more, numerous in the upper portion of the slate — ^sandstone 
formation." This particular point wU be again referred to below after discussing the Timeball Hill 
Series of quartzites. 

Northwards from Knigers Post to Ohrigstad and beyond, the Daspoort quartzites become much 
reduced in thickness and number. 

The lowermost series of quartzites, characterised by being in part strongly magnetic and black 
in colour, are those of the Nooitgedacht or Timeball Hill horizon. During 1905 the two most important 
zones were mapped out separately as the upper and lower Nooitgedacht quartzites, and this division 
was found to hold good at least as far north as Kaspers Nek, due east of Ohrigstad, but beyond Mount 
Anderson the quartzites no longer form two distinct features, so that from that point northwards one 
band only is indicated on the map. Near Mount Anderson, where the country is exceedingly precipitous, 
the outcrop of the Nooitgedacht and Daspoort quartzites approach one another closely, but further north 
owing mainly to the erosive action of the Ohrigstad River, the two escarpments gradually diverge. North- 
east of Mount Anderson the system of watercourses, which unite to constitute the Blyde River, are confined 
by a stupendous ring of escarpments of the Nooitgedacht quartzites, of which the lower forms a narrow 
spur extending in a north-easterly direction nearly as far as Burghers Pass, thereafter, however, 

* Cohen, Krlaiit. Benicik. etc. Hainlmrfr, 187r>. 
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constituting merely a subordinate element in the single escarpment, extending through Pilgrim's Hill 
northwards along the left side of the Blyde River. The best section for studying this succession is seen 
during the ascent of Mount Anderson (7,489 feet), where (see Fig. I., Plate XXTX.) we find in descending 
order the following strata : — 

Amygdaloidal Diabase (summit of Mount Anderson). 
Thick succession of shales. 

j-/laD<vSe •• •• •• •• •• 

<^1 Idled •* •• •• •• •• •• 

Ferruginous Quartzite 

vjl ICLXCaS •* •• •• •• •• •• 

Diabase . . . . . . • 

Upper Nooitgedacht Quartzite 

Diabase and Shales 

Lower Nooitgedacht Quartzite 

vvXXdXCo •• .. •* •* .* •* 

Lithologically, these quartzites are identical with those described in the report on the southern 
area north of Ariie Station. 

Quartzites intermediate in position between the Daspoort and Timcball Hill Series. — Mention was made 
above of a certain quartzite band occurring below the Daspoort horizon, but above that of the Timeball 
Hill Series. It is well exposed at several localities along the right side of the Ohrigstad River, notably 
near the farm Rustplaats, and along the north-western and south-eastern boundaries of the Ohrigstad 
Townlands, and differs from all the other known quartzites of the Pretoria Series in containing a well- 
defined conglomerate band at its base. A good section is found south-south-east of the main drift across 
the river near Ohrigstad, which lies in a wide open valley almost surroimded by quartzite kranzen. 
Between the drift and the extreme eastern beacon of De (irootboom (31) the following succession is clearly 
seen in descending order. (See Fig. I., Plate XXX.) 

Daspoort Quartzite, in conspicuous cliffs. 

Amygdaloidal diabase. 

Thin-bedded shales. 

Quartzitic sandstones . . 

Bedded conglomerate . . 

Micaceous sandstones . . 

Shales. 

Diabase, with spheroidal weathering. 

Shales — merging into the flats of the valley. 

Continuing the traverse towards the nor-nor-west as far as the base of the main Daspoort 
quartzite kranz, an identical succession was found. The beds are all well exposed, and show a uniform 
dip of 7 to 8 degrees. The quartzite is a fine-grained dark greyish rock, forming, together with the under- 
lying conglomerate, a sharp kranz in the hill slopes. The conglomeratic beds consist of very smooth 
and well-rounded, dark, flinty pebbles up to 3 inches in length, arranged with their long axes parallel 
to the strike, and set in a greenish quartzose matrix. Large blocks, up to four feet in diameter, have 
rolled down the slope into the main valley and become gradually disintegrated, until much of the surface 
is covered with the pebbles. The conglomerate shades rapidly upwards into the grey quartzite, while 
downwards it passes gradually into greenish fine-grained micaceous sandstones. 

(2) Shales.- Hhe, argillaceous facies of the Pretoria Series consists of a thick succession of soft 
thinly-bedded shales of various colours, among which greyish blue and yellow predominate. The 
description given of them in the report for 1905 on the district south of Lydenburg holds good here also, 
with certain additions. Thus, along Potloot Spruit, between Lydenburg and Krugers Post, the shales 
2Lre distinctly graphitic, a feature obser\^ed by Cohen. On Frankfort above the Bevets Reef, near the 
l^^of the series, occurs a somewhat variable zone several feet thick of black carbonaceous shales, verv 
g^phitic, and characterised by thin leaf-hke veins of pyrites, thickening irregularly into elongated 
lenses. In places the veins swell out into larger masses three or four inches thick, the mineral then 
occurring in well cr\'stallised pentagonal dodecahedra. Probably the presence of this sulphide, together 
^th its accompanying bands of quartz, is due to the same process, which resulted in the mineralised 
zone, now constituting the Bevets Reef immediately below. 

13 



12 to 18 feet 



25 to 30 feet. 



Of exceptional interest is the contact metamorphism produced on the shales by the intrusive 
rocks, and in some cases this has been so intense as to obHterate all the macroscopical characters of the 
original rocks. Generally speaking, the belt of shales in close proximity both above and below an 
intrusion shows distinct signs of alterations, which are apparent in the baked and well jointed character 
of the contact zone, as along Potloot Spruit, east of the main drift. Elsewhere the shales become spotted 
after the familiar and characteristic manner. Such appearances are found more or less well marked 
near every intrusion of any thickness, and are similar to numerous occurrences noticed in connection 
with shales of the Pretoria Series elsewhere in the Transvaal,* but certain metamorphic effects here to 
be described are exceptionally striking and have not so far been met with elsewhere in the Eastern 
Transvaal. 

r 

In tlie account of the physical features attention was drawn to a prominent ridge of diabase 
along the left side of the Ohrigstad River. The crest-line of the ridge consists of a typical medium- 
grained igneous rock, which becomes finer-grained near its base, where it is underlain by shales, and the 
contact metamorphism induced by the intrusion on these underlying rocks may be well seen about six 
miles north-west of Ohrigstad. Excellent outcrops of highly metamorphosed shales are found near the 
common beacon of the farms Faughaballah (187), Jeddo (413), and Longsight (537), where a vertical 
section is exposed of 1,200 feet, measured from the beacon to the first water-course on the east, and is 
composed in descending order as follows : — 

1. Medium to fine-grained intrusive rock — 350 feet. 

2. Hard, very compact, siliceous, pale bluish, bedded rock. 

3. Dark greyish to black, fine-grained, bedded rock, with rough weathered surfaces and 

veins of calcite. 

4. Bluish black shales, with long acicular needles of resinous-looking chiastolite up to 3 

inches in length. 

5. Bluish black shales, with numerous small ottrelite crystals and some chiastolite. 

6. Black shales, with short needle-shaped crystals of chiiistolite. 

7. Igneous rock, of doubtful nature. 

8. Shales, gradually merging into the floor of the main valley. 

Numbers 2 — 6 represent a series of metamorphosed shales, ranging from typical chiastohte 
slate to " homfels," which has lost all traces of its original argillaceous nature. Under the microscope 
a thin section of No. 6 (779, A.L.H. 4i6)t shows a very fine-grained, dark coloured, ground-mass, with 
numerous, well formed, colourless, chiastohte crystals in square sections, containing regularly disposed 
graphitic inclusions, and in long needle-shaped individuals. In this rock one sees the first indication 
of the metamorphism produced by the diabase intrusion. In Nos. 5 and 4, representing an horizon 
somewhat nearer to the igneous rock, contact metamorphism becomes more strongly developed, the 
chiastolite needles are now several inches in length, and the whole rock is crowded with much ottrelite 
in the form of small black shining specks (781, A.L.H. 418 and 782-419). The latter mineral occurs 
in strongly pleochroic roughly rectangular plates, having a very regular cleavage resembling that of mica 
cut perpendicular to c (001), and contains numerous inclusions. Lastly, No. 3 forms a transition towards 
the most highly altered rocks, which are represented by No. 2, and immediately underlie the intrusive 
rock. Complete re-crystallisation into a microcrystalline ground-mass, without any obvious mineralo- 
gical differentiation, characterises these rocks (775, A.L.H. 430 and 776-431). 

Above the diabase one finds a corresponding zone of highly altered rocks, but the metamorphism 
is more intense. Furthermore, the field relations are far less clear, and it is only possible to give an 
approximate position to the upper boundary of the diabase. At the same time the altered rocks resemble 
medium to fine-grained dioritic rather than sedimentary rocks. Along the main road leading from 
Lydenburg to Fort Burger an excellent section is exposed between the Spekboom River drift and the 
nek overlooking the Waterval valley. North of this point, on the farm Grootboom (214), a track is 
shown proceeding in a general south-easterly direction through Vraaiuitzicht (1213), Klipkloof (1216), 
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and Klipplaatdrift (135), towards Krugcrs Post. The following succession is observed in descending 
order from west to east : — 

1. Fine-grained, greyish, well bedded quartzite (Witrand Series), dipping 12° west, and 
confined to the left side of the Spekboom River. 

2. Fine-grained, dark coloured, bedded rock, resembling an igneous type in its general appear- 
ance. 

3. Medium-grained, dark coloured, bedded rock, resembling a diorite in its macroscopical 
characters. 

4. Thick intrusive sheet identical with No. i of the eastern section given above. 

Of this series Nos. 2 and 3 are of special interest, as they should represent the upper belt of 
tamorphic rocks above the intrusive sheets. Instead, however, of showing the same features as the 
lower belt of metamorphosed strata, they closely resemble igneous rocks in the hand specimen, except 
thsit in the field they are distinctly bedded with a common westerly dip of about 8°. The 
jiirxction between them and the diabase is ill defined, and the intrusion appears to occupy a very 
la.r"ge superficial area extending at least as far as the Spekboom River on De Grootboom. Microscopic 
e:x:a.mination leaves little doubt as to the nature of these interesting rocks. No. 3 (728, A.L.H. 
^.x x) in this section is a holo-crystalline rock showing a perfectly fresh ground-mass composed of a mosaic, 
a-pparently of quartz grains, but by the use of con\'ergent light much of this is seen to be biaxial, and 
doubtless represents recrystallised felspathic material. The quartz in the mosaic is distinctly subordinate 
to the felspar. Scattered uniformity through the ground-mass are numerous small, fresh, strongly 
pleochroic crystals of greenish biotite, and hirger roughly rectangular colourless individuals of a mineral 
olosely resembling andalusite. Cordierite makes up much of the section, and shows the characteristic 
iri^lusions. No. 2 (730, A.L.H. 412) resembles No. 3, but has no andalusite, though a larger proportion 
of oordierite, while the mica, occurring in small brown, strongly pleochroic flakes, has all the char- 
acteristics of that developed by contact action. 

The upper boundary of the intrusive sheet, when traced southwards, cuts the main road from 
LycJenburg to Fort Burger on the southern boundary of Nooitgedacht (474), and here the overljang 
^"^"les, though much less altered, show the initial stages of similar metamorphic changes, which become 
'^^^ch more marked as one proceeds northwards. 

^^) Jgneous Rocks in the Transvaal System. 

As elsewhere, so in the Eastern Transvaal, the Pretoria Series contains a great number of intru- 
^^^^i^s, which in the Dolomite and Black Reef Series are far less numerous. In the area now under review 
*^*i^ igneous rocks may be arranged into three groups, according as they occur in the form of intrusive 
sheets, dykes, or tuffs. Of these the first type comprises the great majority of igneous rocks met with. 

Most of the sheets follow a more or less definite horizon, and strike across the country in general 
formity with the strike of the sedimentary rocks, closely following their outcrops. Thus, one finds 
^ tliin sheet always directly overlying the Daspoort quartzite ; another follows immediately below this 
*^^orizon and is characterised by being amygdaloidal. This particular intrusion is extraordinarily per- 
sistent. In the immediate neighbourhood of the capital it has now been traced for some 45 miles, and 
*^ ^vas again identified at an exactly similar horizon and with the same amygdaloidal character between 
^^a.terval Onder and the Mauch Berg, and has now been followed from that peak to 9 miles north of 
^hrigstad. In the same way one finds intrusive sheets above and below the horizon of the Nooitgedacht 
^^artzite, while the base of the Pretoria Series likewise shows a fairly constant sheet, occasionally 
^^a.nding out as a kranz. 

Two of the most prominent peaks along the Drakensberg, namely, the Mauch Berg* and Mount 
^^derson, are composed of the amygdaloidal diabase, which at these points forms outlying patches 
y^olated by denudation from the main mass further west. Within the Dolomite area intrusive sheets 
much less numerous. One good example is seen along the left bank of the Blyde River, near Pilgrims 
:, and others are well exposed in the underground workings of the Theta and Beta Reefs. 

A few isolated occurrences of intrusive sheets were found along the plateau of the Black Reef 
i^, notably east of the main road near the southern boundary of Graskop, and just below the main 
^rpment east of Kimberley. 

j,£ ^ * The height of 7,fJ50 feet alxjve sea-lovfl for this pwik ^i von in t lie last Annual Kt-pnit is over-ostiniattHl. From the accunitf iK'i.L'lit 
-**oti|it Anderson given above (sec page 7()) that of the Mauch IJcrg follows as 7,840 feet above sea-level. 
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In their mode of outcrop, iorm of weathering, and general character, these sheets as a whole 
closely resemble those described from the district south of the present one, so that little need be added 
here. Petrographically they may be regarded as diabases, diorites, and gabbros, showing considerable 
variation in texture, but generally of a uniform dark greenish-blue colour. The particular intrusion, 
which has caused the contact metamorphism described above, is a coarse to medium-grained diorite, 
composed essentially of phigioclase and hornblende, the latter in large, occasionally curved, lath-shaped 
crystals, often well twinned, and terminating in almost colourless, delicate tufts of amphibole needles. 
Ilmenite, showing the characteristic rhombohedral skeletal outlines and associated with plentiful 
leucoxene, is well represented (780, A.L.H. 417). 

The rock, so well exposed below the bridge across the Spekboom River, north of Lydenburg, 
is another coarse type of intrusion answering to a diorite in general characters, and consisting of long 
needles of pale green, largely decomposed, amphibole, and a very cloudy basic plagioclase, with a small 
amount of quartz. 

In the lower quartzites of the Black Reef Series two sheets are found a few feet below the edge 
of the great eastern escarpment. The southern one on Klipkraal (460), a few miles north-east of Sabie, 
is a very fresh, medium-grained diabase, composed of brownish ophitic augite, together with slender 
needles of labradorite. Typical Black Reef arenaceous rocks were found above, not below, so 
that it is possible the intrusion occurred at the base of the formation (746, A.L.H. 414). This rock 
closely resembles that occurring a little south of The Peak, which is also a diabase, but contains less 
felspar. 

True dyke rocks are very rare within the Pretoria Series, but fairly common in the upper beds 
of the Dolomite and in the shaly beds above the upper quartzite group of the Black Reef Series, though 
in the latter case they are only noticeable in underground workings. One of the best knowTi dykes 
is that which cuts through the Beta Reef at the Beta Mine near Pilgrims Rest. It has a thickness of 
about 100 feet, and can be very well studied in one of the drives of the mine, but is also easily traceable 
on the surface across the Peach Tree tram-line towards the Clewer Mine. 

Perhaps the most clearly defined dyke is met with on Marieps Kop (6,110 feet), where it extends 
from the top of the lower quartzite group into the granitic Low Veld. It is about 40 feet wide, and its 
more rapid erosion, resulting in a kind of gully, provides the only possible means of ascent on this side 
of the mountain. The rock is a close-grained, dark green to bluish, diabiuse, consisting of a large 
proportion of dark brown augite, with subordinate labradorite. 

True tuffs were observed north-west of Ohrigstad above the Daspoort quartzite . horizon in a 
position corresponding to that in which similar types were located further south.* They form a small 
outcrop below the highly altered shales, and consist of close-grained, dark coloured rocks, which show 
their true nature only on the rusty brown weathered surface, where the various constituents stand out 
in distinct relief. The fragments are not so large as in the southern occurrence, being more uniform 
in size, and not exceeding a quarter of an inch in diameter. Under the microscope (785, A.L.H. 420) 
numerous patches of pale green serpentinous matter are seen, always sharply defined against a dark, 
partly isotropic ground-mass. 

4. Economic Geology. 

(a) General Remarks 

In the central portion of the Lydenburg District the exploitation of the auriferous horizons in 
the upper Dolomite near Pilgrims Rest constitutes by far the most important economic development 
and the only industry of the district. When it is remembered that about no white people and roughly 
2,000 natives are directly dependent on this industry, while a considerable proportion of the general 
population is indirectly affected by its fortunes, and that, next to the Rand, it supplies the largest 
contribution to the gold output of the Colony, it is evident that the Pilgrims Rest district forms a 
valuable and important asset. To the geologist the region is of exceptional interest, since the reefs 
may be seen at the surface, and, with the comparatively simple geological structure, their mode of 
occurrence and statigraphical relations are unusually clear ; while the very large amount of underground 
development already accomplished, especially in the various sections of the Clewer Mine, offers a unique 
opportunity to the student of mineral veins. 



* Ami. Kcp., (iool. Survey, Tmiisv,, for lJK)r>, pajre 53. 
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The Davidson Reef is the lowermost oi the three auriferous liorizons, and crops out a few feet above 
the water level, or 230 feet below the Button Reef. In general appearance it resembles the latter, occurs 
likewise interbedded in shales, but has not been opened up very far. The view has been put forward 
that the two lower reefs are really identical, the Davidson Reef owing its present position to a " slip 
down " from the higher slopes of the valley where the Button Reef now lies in its normal position ; but 
there is no evidence to be found in support of this contention. Both reefs lie in shales, but tbese differ 
in character ; the beds associated with the upper reef are altered by contact metamorphism, while those 
immediately overlying the lower reef are unaltered. If a fault had occurred with a downthrow on the 
south side the succession found above should clearly be repeated at the lower horizon, which is certainly 
not the case. Although the drives along the Button Reef show slight undulations, these merely indicate 
the usual irregularities commonly met with in the shaly beds of the Pretoria Series. Moreover, in strict 
conformity with the dip, the upper reef has been located on the opposite side of the Spekboom River, 
which could only be accounted for by a system of two parallel faults letting down an intermediate block 
of ground, for which, apart from other considerations, there is not the slightest stratigraphical evidence. 

(c) Bevels Reef and Associated Auriferous Horizons on Frankfort (436), North of Pilgrims Rest, 

The mine at Frankfort (456) lies about 2i miles due east of the Blyde River and 7 miles north-west 
of Pilgrims Rest, from which it may be conveniently approached by the main road along the Blyde 
River as far as its junction with Rotunda Creek, where the private road to the mine branches off. 

The farm Frankfort lies in a kind of topographical cul-de-sac, from which the only outlet is by the 
gap by which Rotunda Creek joins the Blyde River. On all other sides rise chains of high hills, 
prominent among which is the striking escarpment of the Nooitgedacht series of quartzites, some 1,500 
feet above the floor of the Rotunda Creek valley. The main stream and its numerous tributaries 
draining Frankfort and the adjoinmg southern ground of Black Hills (647) and Rotunda Creek (555), 
furnish an excellent water supply. In descending order the following auriferous horizons occur on 
Frankfort and the immediate neighbourhood : — 

(i) Language's Reef, in shales of the Pretoria Series. 

(2) The Shale Reef, in shales of the Pretoria Series. 

(3) Bevets Reef, at the base of the Pretoria Series. 

(4) The Dolomite Reefs, in the Dolomite Series. 

Language's Reef is a thin interbedded quartz reef, situated in the shales of the Pretoria Series, 
about 250 feet above the base ; it !ias an average thickness of 18 inches, and is payable in patches. 
Since it occurs in a thick succession of thinly bedded shales without any bed possessing distinctive litho- 
logical characters, which would serve as an indicator, the reef is difficult to locate, but indications of a 
similar quartz reef in a corresponding position have been found six miles to the south above the North 
Clewer Mine, and also above the Peach Tree Creek Mine. In the latter case it is one inch in thickness, 
and carries one ounce of gold to the ton. 

The Shale and Bevets Reefs always occur together, the former lying from a few to 30 feet above 
the latter, which is the more important of the two. The best locality for studying these reefs is on the 
south-west slopes of Mill Creek, over the spur of high ground running out into the angle between that 
stream and Bush Creek. Plate XV., Fig. 2, shows the succession as seen at the head of Bevets old incline, 
Bevets West, where we find the following sequence in descending order (see Section, Plate XXVIII.) : — 

(i) Shales, yellowish and thinlv bedded, containing the "Shale Reef," and often 9 zone a 
few feet thick of black carbonaceous to graphitic shales, highly charged with inter- 
bedded, sometimes lenticular, layers of iron pyrites associated with quartz. 

(2) Bevets Reef, averaging 18 inches in width ; shown on Plate XIV. (covered by the handle 

of the hammer). 

(3) Fine-grained, dark coloured, quartzitic sandstones. 2 feet 9 inches in thickness. 

(4) Coarse, hard conglomerate band, 4^ feet in thickness. 

(5) A few feet of thin shaly dolomite. 

(6) Intrusive sheet of variable thickness, between 80 and 120 feet. 

(7) Massive dolomite, with a gold-bearing horizon, known on Frankfort as the Theta Reef, 

but probably occupying the Beta Reef horizon, 270 to 320 feet below No. 2. 



r 
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The position from which the view shown on Plate XV., Fig. 2, was taken affords a fine genera 
survey over both the Mill and Bush Creek valleys, along the sides of which the shale and Bevets Reel 
can be clearly followed, as they form a continuous well defined set of parallel lines along their outcrops. 
(See Plate XV., Fig i.) In the same way, looking towards the opposite slope of the Mill Creek valley 
in a north-easterly direction, one has the equally clear line of the outcrop of the Dolomite Reef, shown 
in the foreground of Plate XV., Fig. 2, while the line seen in the background on the left, above the dump 
of waste rock, indicates the position of Bevets Reef. 

Bevets Reef, though usually about 18 inches thick, may widen out locally to two and a half or even 

iive feet. It belongs to the class of bedded quartz reefs so common in the Transvaal System of the 

Lydenburg District. On the whole it shows less of the characteristic cellular appearance, due to the 

subsequent removal of iron sulphide by oxidation, and is more pyritic than similar reefs in the 

I^olomite. Compared with the Theta Reef at Pilgrims Rest, it is more shaly and bedded in appearance, 

d the gold content is subject to greater variation. Outside Frankfort Bevets Reef is not known with 

rtainty. A thin auriferous band of quartz was located in 1894 above the diabase overlying the 

Tln-eta Reef at the Peach Tree Mine near Pilgrims Rest. 

The conglomerate mentioned in the section given above will be identified by reference to Plate 
[V. It is a very characteristic rock, composed of pale grey, hard, compact pebbles, tabular in form 
cd up to 2^ inches in length, made up of chert and quartzitic material. These are set in a 
dish quartzitic matrix, showing small dark grains of quartz. 



The lowermost reef on Frankfort occurs in typical dolomite and is known locally as the Theta 
cf. But it must be borne in mind that at the time when this mine was in its most flourishing condition, 
attx^ut ten years ago, the presence of two distinct auriferous horizons in the upper Dolomite was not 
ognised, and since at Pilgrims Rest the most prominent reef was referred to as the Theta, the same 
was assigned to the soHtary Dolomite reef, worked on Frankfort. Its position in the latter locality 
rom 270 to 320 feet below the top of the Dolomite, while the Beta Reef at Pilgrim's Rest usually lies 
ghly 300 feet below that horizon, so that there can be little doubt that the Dolomite reef hitherto 
^'Vc:>xked on Frankfort is really the Beta and not the Theta Reef. The fact that indications of another 
^T\ ti c^rbedded auriferous horizon between the lowermost reef and Bevets has been located in the Dolomite 
lt>y Mr. Sutherland entitles one to the view that the true Theta Reef occurs also on Frankfort. The 
oxxticmpof the Dolomite reef, formerly worked on Frankfort, is shown in the lower right hand comer of 
I^lo.te XV., Fig. 2. 

At the time of visiting this district in June, 1906, practically no work had been done on the mine 
^or some time, but it certainly would seem worth while, especially in view of the very complete plant 
now Iving idle, to carry out a systematic search for the hitherto unrecognised true Theta Reef. 

As near Pilgrims Rest, numerous dykes are found on Frankfort cutting across the upper beds 
^f the Dolomite. The majority of these trend north and south. 

{d) Dolomite Reefs near Pilgrims Rest and on Elandsfontein (167). 

An important factor in the gold mining industry of Pilgrim's Rest consists in the presence of two 
distinct auriferous horizons, the Upper Dolomite or Theta Reef, and the Lower Dolomite or Beta Reef. 
It has not always been recognised that these reefs belong to two distinct horizons, but there can be no 
doiibt that this is the cnse, since esj)ecially to the west of the Blyde River the succession is quite 
wiiciisturbed, each reef maintaining its normal position with a more or less fixed relationship to the base 
of the Pretoria Series. Certainly, east of the Blyde River there are at least two faults, which have 
n\aterially affected the general stratigraphy, but the surface is so highly dissected, and outcrops are so 
continuous, that the effects of these dislocations can be clearly ascertained, and agree with the assump- 
tion of the presence of two separate gold-bearing horizons. It will be convenient to first consider in som? 
detail the stratigraphical distribution and field n^lationshijxs, before discussing the pctrographical 
characters of the reefs themselves. Unfortunately the scale of the map accompanying this report does 
not permit of more than a generalised representation of the detailed geology round Pilgrims Rest. 

Strati^raf>hical relations. — West of the Blyde River runs the escarpment form'^'^ ' 
of the Nooitgedacht series, and on which Pilgrims Hill is situateH ^' 
the east, cnmnosed of a c^reat tliickness of thinlv beHrJ--^ 
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not form any marked feature in the topography, except in a few locahties, where the particular intrusion 
always to be found at the base of the Pretoria Series gives rise to a kranz, which may be succeeded below 
by slopes strewn wth the white chert boulders, which so frequently denote the change from the upper 
to the lower formation. Occasionally, as at the Clewer and North Clewer Mines, the top of the 
Dolomite lies at or near the foot of a thick precipitous cliff, formed of Pretoria shales, in marked contrast 
to the neighbourhood of the Beta Mine, near which the Theta Reef outcrops along a much gentler slope. 
The very abrupt topography west of the Blyde River is further emphasised by the numerous deep gullies, 
uniting to form Clewer Spruit and Pea^h Tree Creek ; hence the outcrops of the reefs follow very sinuous 
courses. 

The position of the Theta Reef is roughly loo feet below the base of the Pretoria Series, while 
the Beta Reef lies approximately 300 feet below that horizon, which is defined by the top of the f)ersistent 
intrusion already alluded to. These estimates are subject to slight variations, but are near enough for 
practical purposes. When the mining in this area was still in its earlier stages and definite gold horizons 
had not yet been satisfactorily estabhshed, each prospecting area was distinguished by a Greek letter, 
and thus there are some 15 to 20 workings — now mostly abandoned — identified in this manner. Some 
of these are of special importance in affording evidence of the disturbances seen east of the Blyde River. 
The following table shows a list of the more important mines, the particular reef worked, and the level 
estimated from the Company's bench mark at their General Ofifjce, which is taken as 4,200 feet above 
sea-level. 



West of the Blyde River, 

Clewer Mine 
l^each Tree Mine 
Beta Mine 

East of the Blyde River. 

Theta Mine 
Jubilee Mine 

Kameel or Chi Mine 
Psi Mine . . 



Theta Reef. . 
Theta Reef 
Beta Reef . . 



* . 



Feet above sea-lcvcL 

• . 4,387 

. . 4»3io 

4,220 



Theta Reef 
Theta Reef 

Beta Reef 
Beta Reef 



at Chi West 
at Chi East 



5,100 

5,525 
5,472 

4,879 
4,275 



It will be noticed that east of the Blyde River the mines lie considerably higher than on the west 
side, which is the direct consequence of the geological structure, the dip being roughly three to four 
degrees to the west, so that the further one goes towards the east, the higher the strata, until at Jubilee 
Hill the mine lies 1,325 feet above the datum level, that is, some 1,450 feet above the water level 
in the main valley. The average dip in the neighbourhood of the mines is very uniform and 
works out at 3° 45'. In June, 1906, the Psi Mine was not being worked, while in the Theta Mine work 
was being re-commenced. Some uncertainty exists as to which reef is represented at the Psi Mine. The 
difference of level between this and the Beta Mine is 55 feet, and the horizontal distance 4,400 feet, giving 
a gradient of i in 80, thus the Psi Reef appears to be too low for either the Beta or the Theta. This, 
however, will be again refened to in connection with the faults east of the river. 

The most important mine is the Clewer. It employs some 600 natives and contributes the bulk 
of the ore. Considerable development has already been accomplished in connection with the mine, 
and it is possible to proceed along a direct line underground for a considerable distance from the North 
Clewer Section, on the north side of the Lydenburg road, right through the whole mine in a southerly 
direction. The Clewer Mine covers an extensive area divided into the following regions : — 

(1) North Clewer Extension (mainly development work). 

(2) North Clewer proper. 

(3) East Clewer — ^near the manager's house. 

(4) Main Clewer, comprising : — 

Duke's Hill Section. 
Beacon Hill 
Battery Hill 
Broken Hill 



>> 
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In the Xocth Cfcwer oecors a bed serv-tng as jl gvxxi iiKixMtor. in tbir tcoir ot jlx^cy thixt v^ujutir 

reei, sometiiiics in b-kid dc^cEUie. 5*>aLcUnie> m blick Cusic^une^:^ K^oxth. Inuijec^Jkieiv aKw th< 

indicator comes the dxabkse sheet 20 10 40 ffret thick, while Nrlow the in^ivatvT. at a dfc>taixv xaivtK^ 

from 2 to 30 feet, tut oq the avera^ 10 feet bek^w. co^res the The: a Keef. >^hxt; luay e\t>atxl IwaiK 

to a width of fi\-e feet, bat socnetimes OL^^lsi^t5 of twv> or three sejvirate n:vtSv A ver\' ^vwt itti^taive ot 

this is shown behnid the manager's house at the East Clewer \see l^te Wl.V Nuuxixxis iwal 

irr^[ularities are noticeable in the Clewer Mine generally, some are mere uiKiuIattvHt>i v^ the strata, white 

others are well denned breaks doe to dykes, or pxxssiWy also to the eittvts of surtaee t^^atuu^ I siiaUA 

an upper and a lower reef can be clearly distingiibhed. both belvH^giii^ to the Theta h^Hi-ffvMX. \S^v 

Section, Plate XXMI.J This is particuiariy notkeable aliHig the drivers !tadui^ to the vvx" ohaixm^l 

in the Duke's Hill Section. Sc^me years ago. \ihen th:s rt^m.irkatle ou^Kxly \v,is e\j"ioit<\h it showwl 

an average thickness of 7 feet, locally increasing to 15 .u:d sv^e 150 f^vi u\ w^lth^ Vhis j^iv^iWy 

represents a coalescence of all the reels, .\fter a large quantity v>f ore had Kvt*. iyukawI. tlK v^hsinnel 

suddenly t^ininated against a very sharply deiined fold of iSx^tv^ria shaU^ .uid altlxvHigh u^my ami 

extensive efforts have been made to pick up the ch^umel again, no sikxvss h.is Sv^ far Nvn UKl with. 

In the Peach Tree Creek Mine the same genenil succession is s<.vn K^Iow the Kuk" of the l^vtvuia 
Series. Below the shales are some t»o feet of diaKise, then o to S ft\t oi chcrty vU^Knnito. uiKletlaiu 
by the reef, here a single one, succeeded below by true dolomite. Many i:xiuv^r luxdulattv^ixs v\vui\ 
and the detailed stratigraphy is variable, as the thickness of strata K^twtvn the Kis<^ ot the iutru^vv 
rock and the reef is never constant. Sometimes the roof of the drives is v\nu|\>s^\i v>t the Ivx^t-wall ot 
the sheet, sometimes this Ues several feet above the r\.x^f. Ther<^ is at the Ssimc tmu" cv>nsivkvaWe 
difference in the condition of the drives : these are in places quite dr\^ and s^^uh r^xiuiring no tuulvrin^, 
elsewhere, especially where the igneous rock i^ immediately above, there is much water pivs<nit. and 
extensive and close timbering is necessary. In such plact^ there is a nv>ticeaKe cruslui\g m pvv>$:tvss, 
the overling mass slowly sinks down, so that the timber is s<>metimes brv^ken thi\»ngh in thiw^ davs 
under the enormous strain. In this mine the reef varies from s^^ven inches to twv> anvl a halt t\x"t m 
thickness. 

The Beta Mine is a good example of the workings in conntxrtiim with tlu^ lower Oolonuto lU' Heta 
Reef. It Ues close to the left bank of the Blyde River, and the |H>sitHMi of the iwf is clearly indicatixl 
by the regular line of stopes along the surface. Here, ;\s in the Cvis<" i^f the upfvr IX^lonute Rivf^ an 
intrusive sheet lies at a varying distance above iho gold-bearing hori/on, which aversiges 10 inches it\ 
thickness, with a j-ield of from 12 to 16 dwts. per ton. The general suavssion is smnewhat as folliwvs: 
below the intrusive sheet, 8 to 10 feet thick, there are 4 to (> feet of Mack manganes^^ earth, vnuierlain 
by 4 feet of chert, lying directly on the reef. M;issive dolomite underlies this, tlunigh in svnne phuvs 
a second intrusive sheet follows below the reef. At No. III., 8, the otltxt i>f a well-dehmxl dyke is very 
clearly shown, as it abniptly intersects the reef, and trends roughly north-ni>rth-west and south-south- 
east. The reef was picked up again on the western side of it, after no feet i»f ilyke matter had Invn 
traversed. The same dyke can be hxated along the tramway oiMuuvting the IVach Tviv Creek 
Mine and the Beta Mine, but it is here very deeply weatherixl. Thence it runs across the formation 
towards the Main Clewer, making a slight feature at the surface. The lower Oolomite Keef is intiMesting 
also on account of the very narrow and sharply boundixl stopes to which it has given rise (stv Plate W'l I,), 

East of the Blyde River the stratigraphy is complicated by the presence oi two rouglil\- parallel 
faults, which are traceable north and south from Pilgrims Rtst for at least six miles, and si\i»w \ery 
clearly on the surface, except where the Dolomite onlv is traversed. (Hving to thest^ ilislocations an 
extensive strip of Pretoria shales occurs east of t!ie Hl\de River, rising abo\e tlu^ ( entral Works intt> a 
conspicuous hill, so that even a casual obser\ation clearly slums an abnormal succession. 'Ilu* western 
break may be conveniently referred to as Fraser's fault, since it is so well shown in the gully ol that name, 
and the eastern as Morgan's fault from the spiuit joining Pilgrims (Mek a little above the t hnuhyiud. 

These two faults have let down a narrow strip of the l^retoria Series, from tht^ conlhu^nee of tin* 
%de River and Tyger Creek in the north to at least as far as the (Irootfontein bore-hole near theiace 
course on the south (see Section, Fig. 2, Plate XXIX.). The amount of vertical displ.ut^ment is 
apparently not uniform for the whole extent of the two faults, and the evidenct* availabK* tends to 
show that it varied from 225 to 300 feet. 

In the various mines situated on the east side of the Blyde River, the Kaineel or Chi mint*, the 
Jubilee, and the Theta mine, the reefs occupy their normal positions, and are not, as is tlie ease at tlie 
Psimine, affected by the faults. The best and most reliable of the eastern group of nnnes is the Jtihilee, 
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a quartzite ledge, occurs a thin clayey alluvial deposit, overlain by very coarse detritus of waterwo 
boulders. Since the level of the water prevented an easy access to the gold-bearing deposit, 
artificial cutting blasted into the ledge at the edge of the fall resulted in effectively lowering the wat 
level, so that now the gold can be conveniently recovered by purely mechanical means. 

(g) The Branddraai Lime Works. 

The lime required in connection with the cyanide works at Pilgrims Rest is obtained on th» 
farm Branddraai in the lower reaches of the Ohrigstad River valley, where that stream makes, a shar" 
turn to the east, some 14 miles north of Ohrigstad. The formation over this area is dolomite, and t 
raw material is quarried in a somewhat primitive manner, high up on the western face of the valley, 
whence it rolls down and is conveyed to the kiln, ingeniously built in a natural alluvial embankment 
on the left side of the stream. The rock is a dirty whitish to pink limestone, obviously of recent origin, 
and generally resembling the rock quarried at Rhenoster Spruit (579), S.W. of Pretoria,* whence the 
the Daspoort Cement Works were at one time supplied. The mode of origin of this limestone is evident 
from the occasional occurrence of angular fragments of typical blue dolomite in the somewhat cellular 
reddish matrix of recent origin. Fragments of chert and shale are fairly common, so that the rock 
may be looked upon as a kind of brecciated dolomitic material, cemented by secondary calcium 
carbonate, derived from calcareous solutions, which have leached out some of the lime from other 
portions of the Dolomite. 





* Sc(» Mem. (Jcol. Survey, Transvaal, No. 1, jmge 53. 
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VI —ON PORTIONS OF THE LYDENBURG AND CAROLINA DISTRICTS IN THE 

NEIGHBOURHOOD OF BELFAST AND MACHADODORP. 

By W. A. Humphrey {Geologist). 



I. Area. 

The area embraced in the following report lies in the Lydenburg and Carolina districts of the 
Eastern Transvaal (see map, Plate XXXV.) and comprises a strip of country from 12 to 18 miles broad, 
with a length of ^y miles, stretching north and south of the Eastern Railway line between Belfast and 
Machadodorp. It is bounded roughly on the north by the Crocodile River, and thence etxends to a 
few miles south of the Komatie River on the south, while its eastern and western boundaries are 
formed by the main transport roads running approximately north and south through Machadodorp 
and Belfast respectively. 

The total area comprises about 470 square miles, in the mapping of which 750 miles of boundary 
lines were traced, and a distance of 990 miles traversed. 

2. Physical Features. 

The most striking physical features consist of a series of undulating hills, occasionally almost 
meriting the designation of mountains, between which the streams have cut out deep valleys, giving 
in general a broken and varied character to the scenery. The country rises gradually from east to 
west, the western boundary of the area forming a more or less continuous watershed, rising to a height 
of 6,400 feet at Belfast. 

Extending roughly along the middle portion of the terrain is a belt of high ground forming a 
continuous escarpment facing east-south-east, broken through by the Crocodile River in the north, by 
the Elands Spruit in the neighbourhood of the railway, and by the Klein Komatie further south. This 
ridge attains an altitude of 6,615 feet at Mare's Kop, which is marked by a trigonometrical beacon, 
and is considerably the highest point in this part of the country, thus affording an extensive view in 
every direction. Grass land occupies the whole of the area, bush being exceedingly scarce, except along 
the escarpments overlooking the steeper valleys, w^here small patches are to be found. 

Of the rivers, the Crocodile and the Komatie are by far the most considerable, the former 
catting an imposing gorge for itself through the high ridges of the Witrand in the centre of the area. 
This gorge terminates in a fine fall of several hundred feet in height, only the lower portion of which 
is visible from below, the river issuing from the foot of a vertical fissure in the quartzitc escarpment, 
which hides the upper part of the fall. After forming a series of cascades and rapids the river flows 
through a widening valley in a north-easterly direction, and pursues a sinuous and even course through 
the diabase and shale plain of Donkerhoek (480), until it is crossed by the Machadodorp-Lydenburg 
transport road. 

On the other hand, the Komatie River flows in a comparatively broad valley of undulating 
character without giving rise in its course to any exceptional features, although the Klein Komatie in its 
passage through the central ridge has carved out a deep valley with vertical sides for a short distance. 
These differences are entirely due to the composition of the rocks which form the beds of the various 
rivers, and will be treated of in the geological description of the district. 

3. Descriptive Geology. 

(a) General, 

Geologically the whole of the district under review belongs to the upper portion of the Pretoria 
Series, upon which, as a capping to the higher portions along the western boundary, conglomerates, 
grits, and sandstones of the Karroo System rest unconformably. Wherever the streams have cut out 
valleys of any depth, the underlying rocks of the Pretoria Series are laid bare ; in fact, with the 
exception of the upper reaches of Elands Spruit, where Karroo grits form the western bank of the stream 
for a short distance, all the spruits have been carved out in nx:ks belonging to the Pretoria Series. 
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The higher ridges in the central portion of the area, locally called the Witrand, consist of massive 
quartzites, which are the equivalent of the Magaliesberg quartzites in the Pretoria District. West of 
the Belfast-Lydenburg transport road another series of quartzites can be seen, which probably 
belong to a higher horizon of the Pretoria Series, possibly represented in the Pretoria District only 
by the broken and sporadically appearing series of quartzite kopjes lying north of the Magaliesberg, 
and broken up by the igneous masses of the Bushveld Plutonic Series. 

In the eastern portion of the area the higher ground is usually, although not always, composed 
of diabase, and the valleys are cut out in the shale beds. 

The dip of the strata, increases from 7° in the east to 15° on the quartzite ridges of the central 
and western portions of the district, occasional variations being met with. The direction of 
dip is W.N.W. The Karroo beds are horizontally disposed. 

(b) Pretoria Series, 

The whole of the area under review is underlain by rocks of the Pretoria Series. For the most 
part they form outcrops on the surface, although the higher horizons are to some extent covered 
by a thin capping of Karroo rocks. 

(i) Shales and Diabases. — There are two distinct horizons of shales with intruded diabases, 
one lying below and one above the quartzites of the Witrand. The former horizon presents 
considerable differences as one traverses the strike from north to south. That portion lying to the 
north of the railway line seems to be divided roughly into two parallel zones, of which the lower consists 
principally of well bedded shales, having a horizontal width of between three and four miles, and in 
which diabasic intrusions are common, though comparatively insignificant in comparison with the 
development of the shales. On the other hand in the overlying zone to the north-west, which measures 
about 2^ miles in the direction of dip, the intrusions of diabase have been on such a scale as to leave 
only remnants here and there of the shales, which are to be found in patches, seldom continuous for 
long distances. These shales, however, preserve for the most part their direction of dip, although the 
angle varies considerably. 

South of the railway line these two zones resolve themselves into one broad band of fairly 
uniform character, consisting of shales in which numerous well marked diabasic intrusions can 
be followed. For the most part these form continuous parallel ridges. They are, however, invariably 
of small dimensions compared with the mass of shales into which they are intruded, although their 
superior hardness causes them to stand out as well defined features. 

The country where these shales and diabases are developed presents considerable physical 
differences in its various parts. Occasionally, as on Minaarspoort (1403), Farrefontein (1437), Blaau- 
boschkraal (1028), Zwartkopje (4761), as far north as Wilgekraal (1357), it presents the appearance of 
swelling hills and deep valleys, the hills being composed sometimes of shales, sometimes of diabase, and 
sometimes composite, while the valleys are similarly cut out of both kinds of rpck. As one proceeds 
south and west, it will be noticed that the diabases usually take the form of ridges and kopjes although 
sometimes crossing a valley, while the shales occupy the low ground. In this portion the spruits have 
in general a north-easterly and south-westerly direction, until the Komatie valley is reached, thus 
accounting for the greater uniformity of the scenery. 

The shales are generally of a hard blue variety when fresh, and often weather out into spheroidal 
shapes very similar to those of some of the diabase boulders. They are well bedded, and only occasionally 
show local variations of dip, the usual direction of which is W.N.W., with an angle of from 7° to 15*^. 

The upper horizon of shales and diabases does not difter materially in character from the 
southern portion of the lower horizon just described. A thin band of diabase separates the underlying 
Witrand quartzite from two well developed shale bands, which in their turn are separated by diabase. 
These shales are blue-black in colour, hard, and sometimes almost crystalline in texture, and uniformly 
well bedded. Their outcrops are often marked by rounded boulders exactly similar in type to those of 
the intercalated diabase. They form a series of well marked parallel outcrops along the slopes of 
the hills north of the railway line on the farm Haartebeestspruit (352), and sections can be well seen 
at several places, notably where these beds are broken through by Coetzee's Spruit on the farm 
Haartebeestspruit mentioned above, and also on Elandskloof. These two shale bands are approxi- 
mately of equal thickness, and vary from 50 or 60 feet on Vogelstruispoort and Geluk, south of the 
railway, to boo feet on Elandskloof, increasing in thickness towards the north. 

Above these shales one finds a great development of diabasic rocks with occasional shale zones 
of unimportant thickness which appear and disappear quite irregularly. These diabases present 
petrological differences to those in the lower horizons to be subsequently noted. 
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(2) Quarizttes, — The high central ridge, which is so noticeable a feature of the area, consists of 

a double band of massive quartzites, known locally as the Witrand, and corresponding to the horizon 

of the Magaliesberg quartzites. The two quartzite bands are separated by an intrusion of diabase, 

and occasionally a thin band of shales is also developed. Where the outcrop crosses the railway line, 

west of Dalmanutha, the development of the two quartzites is about equal, the thickness of each being 

about 200 feet. As the beds are traced northwards, however, their thickness increases, until on the 

farms Vlakfontein (465) and Goedehoop that of the upper band amounts to some 1,500 feet. The 

lower band, after increasing in thickness on the farm Waterval (1440), diminishes to the northward, 

and in Vlakfontein has a development of less than 100 feet, increasing again, however, further north. 

To the south of the railway these quartzites vary little in thickness, and run in parallel ridges until they 

disappear under the Karroo conglomerates on the farm Witkloof. The rocks composing these beds 

are typical white and pinkish white quartzites, well bedded in the lower strata, while the upper 

horizon shows locally on the farm Valkfontein (177) much false bedding and beautifully preserved 

ripple marks. A good section of the latter can be obtained on the farm Vlakfontein (465), along the 

stream which joins that issuing from Elandskloof. Further north-east the quartzite cliffs overlooking 

the streams become exceedingly precipitous and almost impassable. 

Between the two quartzite horizons a thin band of diabase and shale can be traced throughout 
the length of the outcrop ; although in the more northern portion the shale can only occasionally be 
seen. The outcrop of the diabase, however, is distinct and well marked. On the farm Bergendal (246) 
and on the south-eastern portion of Haartebeestspruit (352), there is a zone of well bedded serpentinous 
rock above the shale, and between it and the succeeding quartzite. This rock varies from grey to 
bright translucent green, and is being exploited as an ornamental stone, although the thinness of the 
bedding has so far afforded only slabs of moderate thickness. 

Higher up in the series and above the upper diabases already mentioned, occurs a further 
development of quartzite. This rock can be well seen along the road leading from Belfast to Dulls t room 
^d also south of the railway. It consists of well bedded quartzite similar to that of the Witrand, and 
includes some bands of softer sandstone, which are used locally for building. A good outcrop can be 
seen on the farm Lakenvlei (1081), immediately south of Steepdrift. The sandstone is white or cream 
coloured and fairly soft and can be traced over Steepdrift. The monument commemorating the defeat 
of Dingaan, situated to the north of Belfast, is built upon this series of quartzite ridges, which have 
here a dip of 30° to N.N.W. 

Several isolated ridges of quartzite of greater or less extent were found between the Belfast- 
^Ullstroom transport road and the Witrand quartzites, some being persistent for some miles, but more 
^ften d5nng out in the space of a few hundred yards. Their direction of dip varies between W.N.W. 
^'^<i N.N.W., with angles ranging from 15° to 30°. 

(^) Karroo System, 

(i) General. — Considerable areas are covered by rocks belonging to this System. For the most 
P*rt they appear forming long roUing " bults," and are almost invariably confined to high ground, while 
tile valleys expose the underlying Pretoria Series. The greater part of the area mapped as Karroo rocks 
^^Hsists of " buUs," where the miscellaneous collection of weathered out boulders and stones points 
t^ ^n underlying conglomerate. No conglomerate was found in situ, but the characteristic weathering 
^* t:he shales associated with the (ilacieJ Conglomerate was several times observed, and the weathered- 
oiit: boulders and stones, which include white, pinkish, and dark purple brown quartzites, and occasional 
^i^base and shale fragments are such as usually characterise the Glacial Conglomerate in other areas. 
*^t^e most common boulders are Pretoria Series quartzites, although purple brown quartzites and 
^^dstones are fairly common. The higher and more extensi\'e of these conglomerate " bults " are 
uecjuently capped by horizontally lying grits and sandstones. The Karroo rocks of this area bear a 
strilcing resemblance to those described by Mr. E. T. Mellor in the Annual Report of the (Geological 
Survey for 1905, especially with regard to the distribution of the conglomerate. 

(2) Distribution, — The most extensive area of Karroo rocks stretches from a few miles north 

^r Belfast in a southerly direction, and crosses the railw^ay at Belfast. It is then broken into two arms 

W the upper portion of the valley of the Little Komatie River, which flows from Wemmershuis 

^uthward, and exposes the underlying Pretoria Series. These two arms continue in a south-south- 

^'^terly direction, forming high ground on both sides of the stream, and finally, after one or two minor 

15 
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In the North Clewer occurs a bed serving as a good indicator, in the forni of a very thin quartz 

reef, sometimes in hard dolomite, sometimes in black manganese earth. Immediately above the 

indicator comes the diabase sheet 20 to 40 feet thick, while below the indicator, at a distance varying 

from 2 to 30 feet, but on the average 16 feet below, comes the Theta Reef, which may expand locally 

to 3L width of five feet, but sometimes consists of two or three separate reefs. A very good instance of 

this is shown behind the manager's house at the East Clewer (see Plate XVI.). Numerous local 

irregularities are noticeable in the Clewer Mine generally, some are mere undulations of the strata, while 

others are well defined breaks due to dykes, or possibly also to the effects of surface features. Usually 

an upper and a lower reef can be clearly distinguished, both belonging to the Theta horizon. (Sec 

Section, Plate XXVII.) This is particularly noticeable along the drives leading to the ore channel 

in the Duke's Hill Section. Some years ago, when this remarkable ore-body was exploited, it showed 

an average thickness of 7 feet, locally increasing to 15 and some 150 feet in width. This probably 

represents a coalescence of all the reefs. After a large quantity of ore had been removed, the channel 

suddenly terminated against a very sharply defined fold of Pretoria shales, and although many and 

extensive efforts have been made to pick up the channel again, no success has so far been met with. 

In the Peach Tree Creek Mine the same general succession is seen below the base of the Pretoria 

Series. Below the shales are some 60 feet of diabase, then 6 to 8 feet of cherty dolomite, underlain 

by the reef, here a single one, succeeded below by true dolomite. Many minor undulations occur, 

and the detailed stratigraphy is variable, as the thickness of strata between the base of the intrusive 

rock and the reef is never constant. Sometimes the roof of the drives is composed of the foot- wall of 

the sheet, sometimes this lies several feet above the roof. There is at the same time considerable 

difference in the condition of the drives ; these are in places quite dry and solid, requiring no timbering, 

elsewhere, especially where the igneous rock is immediately above, there is much water present, and 

extensive and close timbering is necessary. In such places there is a noticeable crushing in progress, 

the overlying mass slowly sinks down, so that the timber is sometimes broken through in three days 

under the enormous strain. In this mine the reef varies from seven inches to two and a half feet in 

thickness. 

The Beta Mine is a good example of the workings in connection with the lower Dolomite or Beta 
Reef. It lies close to the left bank of the Blyde River, and the position of the reef is clearly indicated 
by the regular line of stopes along the surface. Here, as in the case of the upper Dolomite Reef, an 
intrusive sheet lies at a varying distance above the gold-bearing horizon, which averages 10 inches in 
thickness, with a yield of from 12 to 16 dwts. per ton. The general succession is somewhat as follows: 
below the intrusive sheet, 8 to 10 feet thick, there are 4 to 6 feet of black manganese earth, underlain 
by 4 feet of chert, lying directly on the reef. Massive dolomite underlies this, though in some places 
a second intrusive sheet follows below the reef. At No. III., 8, the effect of a well-defined dyke is very 
clearly shown, as it abruptly intersects the reef, and trends roughly north-north-west and south-south- 
east. The reef was picked up again on the western side of it, after no feet of dyke matter had been 
traversed. The same dyke can be located along the tramway connecting the Peach Tree Creek 
Mine and the Beta Mine, but it is here very deeply weathered. Thence it runs across the formation 
towards the Main Clewer, making a slight feature at the surface. The lower Dolomite Reef is interesting 
also on account of the very narrow and sharply bounded stopes to which it has given rise (see Plate XVTI.). 

East of the Blyde River the stratigraphy is complicated by the presence of two roughly parallel 
faults, which are traceable north and south from Pilgrims Rest for at least six miles, and show very 
<'learly on the surface, except where the Dolomite only is traversed. Owing to these dislocations an 
extensive strip of Pretoria shales occurs east of the Blyde Ri\'er, rising above the Central Works into a 
conspicuous hill, so that even a casual observation clearly shows an abnormal succession. The western 
t^^^ak may be conveniently referred to as Eraser's fault, since it is so well shown in the gully of that name, 
ai^d the eastern as Morgan's fault from the spiuit joining Pilgrims Creek a little above the churchyard. 

These two faults have let down a narrow strip of the Pretoria Series, from the confluence of the 
%de River and Tyger Creek in the north to at least as far as the Grootfontein bore-hole near the race- 
course on the south (see Section, Fig. 2, Plate XXIX.). The amount of vertical displacement is 
apparently not uniform for the whole extent of the two faults, and the evidence available tends to 
show that it varied from 225 to 300 feet. 

In the various mines situated on the east side of the Blyde River, the Kameel or Chi mine, the 
Jubilee, and the Theta mine, the reefs occupy their normal positions, and are not, as is the case at the 
Psimine, affected by the faults. The best and most reliable of the eastern group of mines is the Jubilee, 
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VII.— ON A PORTION OF THE BUSHVELD LYING SOUTH OF THE ROOIBERG 

AND EAST OF THE CROCODILE RIVER. 

By W. a. Humphrey (Geologist), 

I. Area. 

The following report comprises a stretch of the Bush veld country 1,190 square miles in extent 
(s^^ map, Plate XXXVI.), bounded on the west by the Crocodile River. A line drawn east and west 
imm.ediately to the south of the Rooiberg confines it on the north, while its eastern boundary follows 
roughly the course of the Riet Spruit to the Aapies River, which it ascends as far as the farm Buffels- 
drift: (132). A line drawn south through the Salt Pan from this farm completes the eastern boundary, 
a.nd the area is limited on the south by a line drawn cast and west through a point three miles south 
of tlie Salt Pan. 

2. Physical Features. 
C^) Drainage and Water Supply, 

The greater part of the area is drained by the Aapies River and its tributaries. In this district 

tlie Aapies River runs roughly from cast to west and joins the Crocodile River on the farm Rooisloot 

C5I-3)- It thus cuts the area into two portions, of which that lying to the south is considerably the 

^<vrger. This southern portion is drained by the Sand River and the Salt Pan Spruit, both flowing in 

a north-westerly direction into the Aapies River, while the Riet Spruit, Blokspruit, and several minor 

"tributaries drain the northern portion of the area, and have a general southerly course. 

A strip of country lying to the east of the Crocodile River, and varying in width from three to 
ten miles, is drained by spruits, which flow directly westwards into the main river itself. The largest 
of these are situated in the northern portion of the area. In the dry season none of these rivers or spruits 
carry any permanent unbroken surface flow of water. In 1906, when the writer visited the area, the 
Crocodile River itself ran only intermittently. The long sandy stretch from Beestekraal (296) to 
^l^tkraal (741) was dry in parts, while reaches of clear and fresh water separated the dry sandy portions 
^rom each other. The underground flow of water is most probably perennial, the continual filtering 
process through the sand accounting for the purity and freslmess of the water, where it makes its appear- 
ance. Further down the course of the river, changes in the nature of the rocks forming the river bed 
^ring the water to the surface at intervals, when it flows with a steady current, to disappear again in 
^He sandy bed, with the recurrence of the conditions already noticed. The same applies both to the 
-^a.pies River and its tributaries on the north, the Riet Spruit and Blokspruit, and although in these latter 
^H^ water only appears in pools and reaches, where there is no apparent flow, it remains pure and fresh. 
^^ the Sand River and Salt Pan Spruit no fresh water is to be found in the dry season. In this area dams 
*^^ve been made at various points in the black alluvial soil, w^hich to a great extent forms the beds of 
*^*>^se streams. These dams contain water in normal seasons to the end of the winter, but its quality 
l^^i^ves much to be desired, all tlie stock in the district having access to it. On Palmietfontein (190), 
Axffelspniit (253), and Elandsfontein (204) these dams are fed from springs, which invariably occur 
■sr the bed of a stream. \\Tiere no noticeable spring occurs the water has usually been collected by 
ms, built across the bed of the stream in a shght depression, where there has been an accumulation 
^^^ the black alluvial soil, locally called " turf." 

In the Sand and Crocodile Rivers water can usually be found by digging in the accumulations 

^^ sand forming the river beds. From the farm Flinkzyndrift (119) to KHpvoor (98) the Aapies River 

•^*^>vs through granite country, where the usual sandy accumulations are absent, tlie granite itself out- 

^^^^pping almost continuously along its course. Here the bed of the river is obscured by granite boulders, 

^^der which the stream makes its way. Where the bed-rock appears the water is brought to the 

^^rtace. Here and there, as in the other rivers, water can be obtained by digging in the sandy bed of 

^*^e stream. 

From Klipvoor (98) to its junction with the Crocodile River, the Aapies River flows across a series 
^^ sedimentary rocks, which, although often covered with alluvium and sand, serve to bring the water 
^^ the surface wherever they crop out in the river bed. 
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Only at Beestekraal (296) are irrigated winter crops produced, the water being brought from the 
Crocodile River, which to this point has a steady flow. 

The above remarks only apply to the conditions which hold during the dry season. 

(b) Surface Relief. 

The main watershed, which practically controls the topography of the area, runs in a south- 
westerly direction from the Rooiberg. It forms a belt of high bush-covered ground, which rises above 
the valleys to the N.W. and S.E. as a broad saddle, with occasional granite kopjes breaking its other- 
wise featureless contours. On approaching the Aapies River, this watershed merges into the broken 
and conspicuous group of hills to the north of its junction with the Crocodile River, and follows a high 
and rugged range running through Sterkfontein (530) and Rooisloot (513). From this point it passes 
in a south-easterly direction, regaining its original character as a granite " bult " on the farm Syferkuil 
(959)> which it retains to the southern boundary of the area. Its continuation forms the Rooirand 
west of Hebron. 
ll\i A subsidiary and less elevated watershed separates the Sand River from the Salt Pan Spruit. 

The only outstanding natural features in the southern portion of the area, east of the main water- 
shed are the hills surrounding the Salt Pan and two conspicuous granite kopjes west of Jericho Mission 
Station, named Zeinkop and Wolvekoppen. The i'emaining portion consists entirely of long swelling bush- 
clad " bults " and wide shallow valleys. The northern portion of the area east of the watershed resembles 
that to the south, small granite kopjes being perhaps more common. Looking north from any of the 
elevated "bults" the horizon is bounded by the southern spurs of the Boshoff Mountains, the Rooiberg, 
and a range of mountains running eastwards from the Rooiberg to Warmbaths ; these ranges, however, 
being outside the boundaries of the area. 

The most noticeable and striking natural features of the area consist of a series of broken and 
rugged mountains situated about the lower reaches of the Aapies River, and consisting mainly of two 
parallel ridges. 

Another well-marked double range of hills crosses the Crocodile River on the farm Slagtkraal 
(741), and continues in a south-easterly direction, terminating abruptly on the farm Jiooinek (83). 

Apart from the hills above mentioned, which are formed by a series of sedimentary rocks faulted 
against the granite, the whole district affords scenery typical of that to be found wherever the Red 
Granite is developed. 

3. Geological Features. 
{a) General Description, 

By far the greater portion of the area mapped consists of the Red Granite. Here and there, 
usually on the top of the granite " bults," but occasionally cropping out along the courses of streams, 
grits of the Karroo System are found, and on the farm Weyhoek (161) a kopje of massive, fine-grained 
Bush veld Sandstone forms a noteworthj^ outcrop. In the western and north-western portions of the area 
considerable faulting has taken place, as a result of which a band of sandstone and quartzite, varying 
in width from three to five miles, occurs on the farms Leeuwpoort (938), Driefontein (696), Koperfontein 
(528), and Mooimeisjesfontein (581). The outcrop of these beds differs very little in direction from the 
general trend of the series. 

For the last fourteen miles of its course the Aapies River flows over sedimentary rocks belonging 
to the Transvaal System. These form a wedge apparently thrust into the granite from the west, and 
abruptly terminated on the farm Klipvoor (98). These rocks attain a greater development on the left 
bank of the Crocodile River than on the right, and the explanation of their occurrence here is to be 
sought for further westward. They fonn a double fold, whose axis trends due east and west. 

The beds strike directlv towards the granite on the east, and are cut off by a fault plane, which 
follows an irregular course at the surface. On the northern side of the wedge the fault is more notice- 
able, and the junction between the granite and the sedimentaries more easily followed and less erratic 
in direction. Large portions of the granite area are covered with black soil, the largest expanse of which 
is usually to be sought for where the slope of the ground is slight and the drainage deficient. 

The succession of sedimentary rocks mapped is as follows in ascending order : — 

( Black Reef. 
Transvaal System . . . . ! Dolomite. 

Pretoria Series. 



Karroo System \ ^^^'"^^'"''^ i^?"" 

' Bushveld Sandstone. 

The igneous rocks comprise the Red Granite, felsite, and diabase. 
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') Transvaal System, 

(i) Distribution. — ^The rocks mcluded in this system are divided into two groups, each of which 

'v^es its present position to faulting. The more extensively developed of the two is situated on both 

sides of the lower reaches of the Aapies River, and on the west side of the Crocodile River. Red granite 

tx3unds these rocks on all sides, the junction being everywhere a faulted one. (See section, Plate XXX., 

t^ig. 2.) The rocks comprise the lower members of the system, and are developed in the form of a double 

fold, whose axis runs practically east and west, a syncline to the north of the Aapies River being followed 

l>y an anticline to the south. The sequence included in the fold comprises Black Reef quartzites and 

shales. Dolomite, banded ferruginous quartzites, and quartzites. The anticline is weathered down, 

exp)Osing the Black Reef, which is followed both to the north and to the south by the other members 

of the system. Thus, all these beds crop out along the Aapies River and again further south, where 

the beds forming the southern arm of the anticline are found. On the farms Buffelsdraai (218) and De 

Mond van Blokspruit (451), higher members of the Pretoria Series than the quartzites already 

mentioned are found. They consist of shales and thin quartzites, and are overlain by felsite. The 

second group of rocks included in the Transvaal System consists of a series of quartzites and sandstones, 

^hich form a long strip, with a breadth of outcrop of from three to five miles, passing into this district 

iiximediately to the west of the Rooiberg. Thence they strike in a south-westerly direction, being cut 

off by the fault-plane confining the rocks just referred to, and abutting upon dolomite and banded 

qiiartzites. The position of these rocks in the Transvaal System will be discussed later.* 

(2) Black Reef, — On the farms Rooinek G.G. (83) and G.G. (84) a series of quartzites and shales 

are developed, which underlie the Dolomite, and which must be referred to the Black Reef Series. They 

ha-ve a dip varying from south-west to west, and ranging from 20° to 30°. The quartzites are rather 

coarse in texture and of a white to a brownish colour, while the shales are well-bedded, and have a spotted 

and altered appearance. The range of hills formed of these rocks terminates abruptly, striking against 

granite on the south and Dolomite on the north. A similar development of shales and quartzites is 

foimd on the farms Sandriversdrift (735), Vaalkop (364), and Welgevonden (159). On Sandriversdrift 

th.e dip is vertical, the beds striking roughly N.W. and S.E. On Welgevonden the beds dip at an angle 

of 25^ towards the south, and the quartzite hills strike west across the Crocodile River. It will thus 

be seen that, while these beds appear to be normally overlain by Dolomite on the farms Rooinek, G.G. 

(83) and G.G. (84), their position on Vaalkop (364) and Welgevonden (59) is somewhat peculiar. Here 

they are apparently normally overlain by Dolomite to the south, while Dolomite again crops out to the 

north of them. The dip of the Dolomite immediately on the north cannot be ascertained, but there 

are no quartzites or shales found on these farms, which dip to the north, and so underlie the Dolomite, 

which is developed in that direction. Such beds should be present if this were simply an example of 

a weathered anticline of Dolomite. In the absence of such northward dipping shales and quartzites 

one must conclude that those beds, which were observed dipping south, normally underlie the Dolomite 

on the farm Vaalkop (364), while a fault, whose direction is almost parallel to the strike, separates them 

irom the Dolomite on the farm Welgevonden (159). This is borne out by the fact that the quartzites on 

Welgevonden (735) gradually die out, and two miles further east re-appear dipping north on the farm 

Roodekuil (224). These latter thus belong to the northern arm of the anticline, the fault running to the 

south of them, while the former are part of the southern arm. The examination of the country further 

west will throw much light on the geological structure, which here appears to be somewhat obscure and 

much disturbed. The data to be drawn from the small portion already mapped seem scarcely sufficient 

to justify a final pronouncement on points which involve the whole series, which is more extensively 

developed to the west of the Crocodile River. 

(3) Dolomite. — ^This rock occupies some 30 square miles of country stretching with breaks along 
the right bank of the Crocodile River from the farm Vaalkop (364) to Knopjeskop (742.) It presents the 
same petrographical features as the normal type, being dark blue in colour, massive, and crystalline. 
The characteristic **01ifantsklip" typeof weathering is not very noticeable, the surface of the rock in this 
district tending to weather into small hog's back ridges, from which a series of lateral furrows branches 
off. Veins of red granitic rock occur occasionally, considerable contact metamorphism being observed 
on the farms Karroobult (9) and Boschkop (7), the Dolomite containing long narrow crystals of tremolite 
^d some pale mica, probably phlogopite. The dip varies considerably and is often difficult of 
determination. 

* It is evident that the rt>cks of the Tmnsvaal System owe their position in this area mainly to an extensive and eom- 
plicatetl Ajstem of faulting and folding:. 'IMiesi' movements, however, ean only be satisfactorily explained wlien tlie mapping of the area 
fuftlier west lias been completed. U.K. 
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On the whole the Dolomite occupies low flat ground. Chert bands stand out in wen-<iefined lines, 
and occasionally form small kopjes. On the farms Boschkop (7) and Karroobult (9) there is a thin inter- 
bedded quartzite, the outcrop of which is seldom of a greater width than two or three yards. 

(4) Banded Ferruginous Quartzites, — Overlying the Dolomite and always forming high ground, 
is a series of banded rocks of great hardness, which varies in thickness from 30 to 50 feet. The individual 
bands are usually of small width varying from mere threads to one inch in thickness. They consist of 
alternations of brownish fine-grained quartzite and blue-black ironstone. The rock is slightly magnetic. 
It forms the striking and lofty range ot hills which lies north and south of the junction of the Aapies and 
Crocodile Rivers. South of the Aapies River it bends to the east, and is cut off with the rest of the 
sedimentary beds by the fault running through the farm Roodekuil (224). These banded rocks also form 
a low range of hills on the farms Vogelstruispan (765), and Vogelfontein (11) where they vary from 10 to 20 
feet in thickness. This outcrop forms part of the southern arm of the anticlinal fold which the Trans- 
vaal System has here experienced. It is cut off abruptly on the farm Vaalkop (364) by a fault, and on the 
farms Rooinek, G.G. (83) and Vaalboschsluit (102) it thins out and disappears in the same way as the other 
sedimentary beds on these farms. 

Overlying these banded quartzitic rocks is a zone covered with a thick accumulation of red sandy 
soil, in which no outcrops are to be found. This deposit can be well seen on the farm Rooisluit (513) 
where it is cut into deep dongas by the spruits, which run south into the Aapies River. It always occupies 
the valley between the hills formed by the banded ferruginous quartzites, which underlie this zone, and 
those composed of white quartzites, which overlie it. Surface limestone is occasionally found developed 
locally along this horizon. 

(5) Quartzites, — Massive quartzites overlie the above described sandy horizon, and form^bold 
lines of hills. On the farm Buffelspoort (330) these hills are arranged in a semi-circular curve, towards 
the centre of which the beds dip with a varying angle. The thickness of the beds is about 150 feet, and 
the axis of the synclinal fold already mentioned traverses this horizon from east to west. The northern 
arm of the quartzites is cut off by the fault plane on the farm Sterkfontein (500). The southern arm runs 
roughly parallel to the Aapies River along its northern bank. It thins out before crossing the river on 
the farm Buffelsdraai (48) where its thickness is not more than 20 feet, and forms a scarcely noticeable 
feature, imtU it reaches the south-eastern comer of the farm, where it broadens and forms the range 
of hills running W. I5°N. which terminates on the farm Klipvoor (98). This range is visible from the 
hills surroimding the Salt Pan, and forms a noticeable landmark from the south. Here the quartzites 
are coarse in texture and of a white colour. On the farms Slagtkraal (74) and Vogelfontein (11) these 
quartzites are developed in the southern arm of the anticline, and stand out as a marked range, ending 
abruptly on the south-west portion of the farm Rooinek (83). They here dip south-west and south and 
abut upon red granite, which apparantly overlies them. The junction is, however, a faulted one. 

(6) Higher Horizons. — The beds of the Transvaal System, which overiie the quartzites just 
described, are only developed on the farms De Mond van Blokspruit (451) and Buffelsdraai {48), where they 
cover an area of some 28 square miles. They consist of a series of shales and quartzites, whose outcrops 
run roughly parallel to the course of the Aapies River. On the east of De Mond van Blokspruit and 
Klipvoor their outcrops are obscured by a thick alluvial deposit of light sandy character. Occasional 
outcrops can be found in the bed of the river itself during the dry season. The bed of the Blokspruit, 
about half a mile above its junction with the Aapies River, also furnishes good sections of a quartzite 
horizon overlain by shale. This quartzite is greenish grey in colour, and close grained. It is very 
impure and contains a considerable admixture of weathered felspar grains. It is overlain by shales 
whose lower beds resemble those characteristic of the Pretoria Series elsewhere, but towards the upp)er 
part it gradually becomes harder, the uppermost bed consisting of a compact greenish grey rock 
resembling a homstone. The shale has a thickness of some 120 feet. This rock, with a thin horizon of 
quartzite which overlies it, forms the series of semi-circular hills trending east and west, north of the 
Aapies River on De Mond van Blokspruit (451). 

Overlying the quartzite is a fine-grained felsite, which forms the summit of the hills above referred 
to, and extends northwards until it reaches the fault, which marks its junction with the Red Granite. 
This felsite has the appearance of being a sheet intruded into the Transvaal System and rests on the 
quartzites. In some places the quartzite thins out and disappears, and then the felsite overlies the hard 
shales. For some distance from the junction with the sedimentaries it appears as a dark blue fine-grained 
rock with a finely crystalline groundmass, in which small porphyritic crystals of pink felspar are evenly 
distributed. Further from the contact the colour of the groundmass assumes a dark reddish colour, 
and the felspar crystals vary in colour from pink to blue grey. 
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tlie area east of the Sand River they are found in small outcrops capping the " bults," or appearing oii 
the slope of a granite "bult.", In all cases the outcrops are of small extent, being usually partially 
obscured by sand. North of the Aapies River outcrops occur in the courses of the streams and along 
the banks, and good contacts can be seen with the granite. All these outcrops are of grit. The 
Bushveld Sandstone is developed on the farm (Weyhoek) i6i in the north-western comer of the area. 

(i) Grits and Sandstones, — ^The exposed surface of the grits is usually hard and quartzitic, the 
weathering having resulted in a secondary deposition of silica, cementing the grains into a hard and 
resistant rock. This type of outcrop is found on the farms Klipgat (ii), Haakdoomfontein {77), Rietgat 
(340), Geltik (608), and also around the N.E. comer beacon of Roodekuil {206). Occasional beds of sand- 
stone appear inter-bedded with the grits. They are usually rather coarse in texture, and white to 
reddish in colour. Outcrops were found on Rietgat (340), along the right bank of the Riet Spruit, and 
on Elandsfontein (204). The boimdaries of the grits are often difficult of determination, owing to the 
great similarity between the soil derived from them and that of certain types of the granite. It is 
improbable, therefore, except in clearly defined cases, that the development of these rocks is limited 
by the extent of their outcrop. 

On the farm Klippoortje (337), grits are well developed in the course of the stream, which flows 
into the Riet Spruit from the Rooiberg, and there is abundance of water here even in dry seasons. 
Where the stream flows on to granite, however, the water again disappears. 

On the farm Vanheining {1728), on the extreme western boundary, a well has been sunk, in which 
fine, hard, grey and yellow shales were found. These would probably be the shales above the Glacial 
Conglomerate, associated with the grits. Similar shales have been found by Mr. E. T. Mellor in the 
Witbank District. 

. (2) Bushveld Sandstone. — On the farm Weyhoek (161) is a kopje of massive fine-grained reddish 
sandstone, which must be referred to the above series. No bedding is apparent and the kopje is 
surrounded on all sides by red granite. The contact between the two rocks is everywhere obscured by 
boulders and sand. Associated with this rock is a pale pinkish-brown sandstone containing angular 
sandstone fragments of a darker colour. Both fragments and matrix are of close even grain and weather 
to an even surface. Boulders of this rock were found on the kopje, but it was not found in situ. 

4. — Economic Geology. 
(a) Hamatite and Specular Iron. 

In many localities of the Red Granite area quartz veins occur, many of which carry specular. iron 
in flat brilliant crystals. Outcrops were noted on the farms Syferkuil (939), Knopjeskop (742), Driefon- 
tein {696), Leeuwpoort (938), Paalkraal (311), and Bultfontein (239). Varieties of granite rich in iron 
were foimd on Klipvoor (98), and Blokspruit (947). 

Two of these occurrences appear to deserve special mention. On the farm Bultfontein (293), 
in the north-west corner of the Pretoria District, is an outcrop of a finely crystalline massive specularite. 
The outcrop is much obscured by the accumulation of surface sand prevalent on the granite " bults.^' 
It occurs in boulders with vein quartz, and in masses, which would suggest a considerable width of ore. 
The boulders are imbedded in the thick sand and no rock in situ is to be seen. The vein is, however, 
most probably in the immediate vicinity. 

On the farm Leeuwpoort {938), sonie four miles to the south-west of the Rooiberg on the borders 
of the Rustenburg District, occurs a deposit of massive haematite of considerable extent. Its outcrops 
are to be found in the neighbourhood of the junction of the Red Bushveld Granite with the series of 
sedimentary rocks, which traversd this part of the country. These outcrops comprise large boulders 
occasionally several feet in diameter, which consist of a massive slightly magnetic haematite (Fe^ 0,). 
The quantitative analysis, as given below, shows that the ore is almost pure, being unadulterated b\- 
any admixture, which might detract from its commercial value. It is blue-grey metallic and massive, 
of fine, even grain, and cmshes into a purple-brown powder. The size of the boulders at the outcrop 
point to a considerable thickness of ore deposit, which can be traced along the strike for a distance of 
from three to four miles, although the massive boulders are not found along the whole outcrop. 

The dip of the sedimentary beds amounts to 10 degrees and its direction is E. 10° S., which is 
towards the contact with the granite. Quartz veins carrjdng specularite mark the fault plane along 
this junction. Thus, if the haematite is intimately connected with the sedimentary series, the fault 
plane marks its limit. If, however, the ore has been deposited subsequently along the fault plane its 
extent should be much greater. 
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Vlil.-ON THE PRETORIA SERIES SOUTH-EAST OF RUSTENBURG. 

By W. a. Humphrey (Geologist). 

I. Area. 

The area included in the following report (see map, Plate XXXVII.) lies to the south of the 
Magaliesberg, the crest of which range forms its northern boundary. The eastern and southern 
boundaries coincide with the 27° 45' E. meridian of longitude and 26° parallel of latitude, while 
a line drawn north and south through Olifants Nek, where the main Krugersdorp-Rustenburg coach 
road crosses the Magaliesberg, confines it on the west. The area mapped is 386 square miles in extent, 
and includes the tracing of 760 miles of geological boundary lines. 

2. Physical Features. 
(a) Drainage and Water Supply, 

Topographically the district may be divided into two main drainage areas, of which the water- 
shed follows a line drawn roughlj- in a S.S.W. direction through Breedt's Nek in the Magaliesberg. This 
divide separates the Magalies River and its tributary, the Blaauwbank River, on the east, from the 
various tributary streams running westwards into the Hex River. 

The Blaauwbank River and its confluents form the main feeders of the Magalies River in its higher 
reaches, and rise in the southern portion of the area along the northern slopes of the quartzites of the 
Timeball Hill horizon, and in the Dolomite. They unite to form a strong stream, which joins the 
Magalies River on the farm Hekpoort (122). 

The Magalies River proper takes its rise in a series of small springs along the watershed extending 
from Breedt's Nek to the S.W., important tributaries flowing in from Doomhoek (117) and Witfontein 
(102), rising in the Magaliesberg and the Witwatersberg respectively. 

To the west of the watershed two spruits rise to the S.W. of Breedt's Nek and flow in parallel 
valleys, their direction coinciding roughly with the strike of the series. The more northerly receives 
numerous small feeders from the slopes of the Magaliesberg, while the other drains the hills to the south. 
Both eventually join a considerable strea.m flowing in a N.N. W. direction through Naauwpoort (214), and 
called for convenience the Naauwpoort Spruit. This stream follows roughly a line of fault, and receives 
the waters of several spruits from the south and west before flowing into the Hex River^ immediately 
to the south of Olifants Nek. 

The Blaauwbank River and its tributaries from Zuikerboschfontein (104) and Vaalbank (98) 
contain a plentiful supply of water, which is used to irrigate crops practically along its whole length. 
The waters of the Magahes River above its confluence with the Blaauwbank River are not so copious 
as those of the latter, but are also extensively used for purposes of irrigation. The farm Hekpoort, 
where these two rivers meet, is especially well situated for the utilisation of the water, and carries large 
crops. From this point irrigation is carried on on both banks of the river to a greater or less extent, 
until it flows out of the area on to the farm Schecrpoort. 

• Of the streams flowing into the Hex River, the Naauwpoort Spruit carries the largest supply of 
water. It is extensively used for irrigation purposes, and irrigated crops are also raised along several 
of its tributaries. 

{b) Surface Relief, 

As is usually the case in districts where the Pretoria Series is normally exposed, the three quartzite 
horizons split up the terrain into two main depressions or vafleys, running parallel to the strike of the 
series. In addition, in the district under review a band of hard shales, situated roughly half way between 
the Magaliesberg and the Witwatersberg, forms a subsidiary escarpment and belt of high ground, 
stretching in a westerly direction from Hekpoort (1,32). 

Taking the district as a whole, the slope of the ground is from south to north, the southern portiofi 
being of the Highveld type of country, while the central and more northerly parts belong to the Middle- 
veld. 

The main valley of the Magalies River presents to the east of Hekpoort few striking surface 
inequalities. The ground on the whole sweeps in long even slopes from the Magaliesberg on the north 



120 

and the Witwatersberg on the south down to the Magahes River. Further east, however, noticeable 
lines of hills and rough kopjes make their appearance, running parallel to the strike of the series, and 
the streams have carved out steeper valleys. South of Breedt's Nek two parallel ranges of 
rough kopjes strike across the series from north to south, while further westwards the streams flow 
through comparatively deeply dissected valleys, and the country presents a rough and broken appear- 
ance. 

In contrast to this, the valley lying to the south of the Witwatersberg is very rough and broken 
on the farms Haartebeestfontein (112), Waterkloof (126), and Doomboschfontein (109). The streams 
cut deeply into and across the beds, while prominent kopjes stand in roughly broken lines. As one 
advances westwards the spruits flow along instead of across the strike of the strata, and more uniformly 
undulating scenery is the result. 

On the farms Buffelsfontein (387) and Naauwpoort (214) the country is very broken, but merges 
to the south and west into gently undulating hills and valleys of typical Highveld character. 

There are several passes over the Magaliesberg, but only one distinct break or poort, where the 
Hex River has worn its channel down through the quartzites at Olifants Nek. Over Breedt's Nek, 
Nooitgedacht, and Damhoek roads have been made, but they are exceedingly steep and rough, and more 
suited for pack than for heavy transport. 

The Witwatersberg is broken through more frequently. At Naauwpoort (214) a fault has dis- 
placed the quartzite through a distance of from two to three miles, resulting topographically in a long 
and narrow gorge, and the hills are cut through by streams on the farms Zandfontein (213), Zeekoehoek 
(95), Hekpoort (122), and Haartebeesthoek (112), the gaps thus formed being traversed on Zeekoehoek 
and Hekpoort by excellent transport roads. 

The country to the north of the Witwatersberg is on the whole fairly well supplied with wood, 
thick bush following the courses of the streams. To the south of the range bush becomes scarcer, and 
along the southern boundary of the district the veld is practically treeless. To the south-west the valleys 
broaden out with the decreasing dip, giving a much more gently undulating character to the scenery, 
in place of the characteristic alternation of ridges further east. 

On the farm Olifantspoort (253) the Magaliesberg, after extending a powerful buttress to the 
east, breaks away in a direction N. 15° E., and the local folding of the beds has given rise, as the result 
of denudation, to two enclosed valleys, admirably illustrative of the effects of erosion on anticlinal and 

t.ynclinal folds. 

A topographical result of the watershed running south-west from Breedt's Nek is seen in the 
apparent diminution in the height of the Magaliesberg about this point. This is only apparent and with 
the fall of the ground to the west along the stream flowing from the divide, the striking and impressive 
character of the escarpment is regained, and on Paardekraal its appearance falls httle short of that on 
Haartebeestfontein, where the Crocodile River has cut its way through. 

3. Geology. 

(a) General, 

With the exception of a few square miles in the south-eastern corner of the district, where 
the Dolomite occurs, the whole of the area mapped falls within the limits of the Pretoria Series. The 
base of the Magaliesberg quartzites forms its northern boundary. 

In general characteristics the area presents many similarities to that lying to the immediate 
east*, described by Mr. A. L. Hall, with the exception that as one advances further westwards the 
geological horizons are more sharply marked by differences in their mode of outcrop, lines of high ground 
continuing to mark certain horizons for long distances, while the diabase outcrops become 
increasingly easy to follow owing to the broken nature of the country, and continuous well 
marked outcrops become more or less the rule. 

The whole series strikes across the terrain in a bow-shaped curve, the direction of dip being 
N.W. in the east, changing to N. in the centre, and veering still more on the west until it reaches N.N.E. 
In amount the dip varies from 7° to 25°, the higfier dips being most frequent in the eastern portion of 
the district, the lowest dips occurring in thesouth-we«t. Indications of faulting are noticeable along 
two lines, one running N.W. through Naauwpoort Nek, and the other N.W. through Doombosch- 
fontein (109). On the farm Olifantspoort (253) the beds are thrown into folds, dips of 45° — 60° being 
registered to the south. 

* Ke|M>rt of the(teologi(>al Survey ft^r lyOo. 
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iThe topographical change at the base of the Pretoria Series is not so conspicuous as that which 

Occurs further east, and on Dwarsvlei (66) the shales underlying the lowest Timeball Hill quartzite 

extend down into the bed of the valley, while cherts and dolomite form the southern slope, rising fairly 

sharply to a low range of hills not exceeding in height those formed by the quartzitesof the Timeball 

Hill series. 

Two parallel dykes of syenitic character cut across the series, runnmg in a southerly direction 
from Breedt's Nek, forming noticeable jmd well marked outcrops. 

(b) jPretoria Series. 

(i) Quartzites. — These rocks are met with in the three horizons usual in this series. The upper 
beds form a continuation of the striking escarpment which forms the crest of the Magaliesberg running 
from the capital westwards. 

On the farm Olifantspoort (253) the roughly E and W. trend of the Magaliesberg terminates, 

and the range bends sharply to the north-west. The quartzite escarpment, practically continuous 

for more than 35 miles to the eastward, here forms a prominent peak overlooking the main road, 

and thence strikes in a northerly direction with a dip-slope of some 15° inclination. This dip-slope 

ms the southern arm of a double fold, which the beds forming the Magaliesberg have experienced 

this neighbourhood. Descending the slope in a northerly direction one reaches a valley, whose 

forms the trough of the syncline, which forms the southern half of the double fold referred to. 

this spruit northwards the beds form an anticlinal arch, whose crown marks the summit of the 

^Magaliesberg (see Plate XVIII. , Fig. i). 

If the ridge of the anticline be followed to the W.N.W., the top of a quartzite escarpment is 
3.ched, where the protecting bed of quartzite, forming the summit of the anticline, has been weathered 
^^SLy^ and the comparatively soft underlying shales and diabase have been cut out by the denuding agency 
^ a.* small stream which flows in a westerly direction from the S.E. corner of Boschfontein (193). This 
ream runs in a closed-in valley, cut out in diabase and shale. On every hand it is overhung by a 
*^^a^sive quartzite escarpment formed by the broken arch of the anticline. The stream makes its exit 
t>y means of a narrow poort, where the quartzites descend to its bed. This valley forms an excellent 
^nd interesting example of the denudation of an anticlinal fold, whose upper strata consist of rocks of 
^'^perior hardness to those of the underlying beds. The southern enclosing wall of quartzites dips 
^vva.y to S. lo'^ W., the angle varying from 45° — 60°. Plate XVIII., Fig. i, illustrates this valley 
^B.lcen from the S.W., showing the dip-slope of the southern arm of the anticline, with the 
^sca^irpment of the northern arm showing above it. 

The quartzites forming the Daspoort horizon form a well defined line of hills called the Witwaters- 
t>^rg^ On the farm Doornbosch (94) the quartzite appears as two parallel ridges, separated by a zone 
pf diabase. From surface indications, however, it is not altogether clear whether this is due to an 
^^tiTxision of diabase or to a duplication owing to low dip and surface erosion. It is, however, quite local. 
^ similar separation of the quartzites by a diabasic zone is to be observed on the farm Kafferskraal 
(^X^S), but in this case it is due to an intrusion. 

The quartzites of the Timeball Hill horizon only occur in the south-eastern portion of the area 
?^^J>ped, and present the usual characteristics noted further east. In the shales above these quartzites 
3^'^X^.ted patches of quartzite (x:cur sporadically. On the farm Haartebeesthoek (112) they are much 
r^'^^^V^en up, and occasionally with the adjacent shales show great variations of dip. One such patch 
,^^^-ris a noticeable outlying hill on which the quartzite forms a cap with a low dip to the north. 
^^Xlowing this horizon to the south-west, bands of quartzite forming disconnected kopjes, yet striking 
*^^^erally in the same direction, are to be observed. As one approaches the Blaauwbank River from 
east a ridge of quartzitic conglomerate forms a continuous feature, and is to be followed across the 
*^\>/^r for about a mile. It consists of rounded grey and whitish quartzite ix4:)bles embedded in a yellowish 
^^Aliceous matrix. Occasionally the whole rock assumes a clierty character. The band is quite narrow, 
^^t\d apparently dies out in the shales which under and overlie it. 

(2) Shales and Diabases. — The distribution and character of the shales and diabases vary some- 

^^hat in different portions of the district. Eastward of Hekpoort, in the valley of the Magalies River, 

^he shale and diabase horizons are seldom distinguished by any marked surface features. The diabases 

^eem to be somewhat irregularly distributed, the sheets thinning out and reappearing at a different 

\iorizon. Followed westwards they become more persistent, and can be traced in narrow outcrops. 

"The shales in the valley south of the Magaliesberg undergo a petrographical change, and from Hekpoort 

vrestward are distinguished for the most part by a very crystalline appearance, bright and lustrous on 

fracture, and weathering into spheroidal and oval boulders. Occasionally the hand specimen can only 

with difficulty be distinguished from a fine-grained igneous rock. 
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Hiese shales show very little bedding, and under the microscope are seen to consist a 
plentiful small laths of secondary mica, principally dark pleochroic biotite, with which muscovite 
occasionally intergrown. The crystals are uniformly oriented. Granular quartz and felspar make -^ 
up the rest of the rock. This is an advanced type of metamorphic shale, and cannot be accounted J 
for as the result of the presence of intrusive diabases, as such are not largely developed in this par- - 
ticular locality. They must be attributed to the effects either of the presence of some more extensive - 
igneous intrusion beneath the surface, or of local strain or crushing. 

A prominent band of hard well-bedded shales crops out on the farm Hekpoort, N.W. of the -^ 
junction of the Blaauwbank River with the tributary joining it from the south-east. From this point - 
this horizon is marked by a range of hills forming high ground extending in a westerly direction 
throughout the whole of the area mapped. Occasional thin beds of flaggy quartzite are found at 
intervals along this band, and locally the shales are much metamorphosed, presenting the appearance 
of phyllites and mica schists. 

To the south of the Witwatersberg the shales and diabases run in continuous bands. Along the 
lower margin of the vesicular diabase the shales have undergone much alteration. They appear to 
lose much of their distinctive character as the diabase is approached, and the contact can nowhere be 
distinctly seen, owing to the presence of an intermediate zone partaking of the character of both rocks 
(di, 178, 179). On Syferfontein (963), and S.E. of that farm, the various horizons broaden out, and 
the diabase has a considerable distribution. On the farms Hekpoort (122) and Waterval West the 
summit of the Witwatersberg is formed of hard blue well-bedded shales, the quartzites cropping out 
on the northern slope of the range. Further westwards on the farms Bufielsfontein and Cyferfontein 
the shale of this horizon becomes black and micaceous. The shales underlying the Timeball Hill 
horizon of quartzites and forming the base of the Pretoria Series are well bedded and of the normal 
type. 

/c) Dolomite, 

About twenty square miles in the south-eastern comer of the area consists of Dolomite. In its 
upper beds bands of chert predominate, becoming less frequent as the series is traversed in a downward 
direction. After passing about a mile of outcrop across the series, the chert practically disappears, 
and typical blue dolomite is found. A thin intrusion of diabase was noted whose outcrop runs parallel 
to the strike of the series. 

(rf) Dykes. 

Extending southwards from the neighbourhood of Breedt's Nek are two roughly parallel lines 
of small kopjes consisting of rocks of syenitic character (see Plate XVIIT., Fig. 2). Their outcrop is 
well marked, and the more westerly was mapped by Mr. A. L. HjUI to the north of Breedt's Nek. These 
dykes strike roughly at right angles to the strike of the Pretoria Series through which they cut. A 
noticeable feature is that they cut across both the sedimentaries and intruded diabases, being thus 
more recent than the latter. They extend for about five miles south of the Magaliesberg, and end 
abruptly north of the stream draining the farm Witfontein in an easterly direction. 

In composition they vary slightly. Both are elaolite syenites containing large weathered felspar 
phenocrysts in a ground-mass of felspar laths, aegirine, and e!a3olite. The felspar of the ground- 
mass consists of orthoclase and perthitic intergrowths of plagioclase. Zircon and sphene and 
occasional grains of iron oxide occur as accessories. The more easterly dyke is of a pink colour (di, 184), 
and carries some bro\^'n amphibole, while the other (di, 183) is grey, and contains sodalite. Both rocks 
are noticeably porphyritic. 

(e) Dislocations. 

Evidences of faulting are apparent in two portions of the area : — 

On the farm Buffelsfontein, the Daspoort quartzites are cut short and tail away, bounding a long 
dip-slope of some 12° through a distance of a mile and a half, ending in the floor of the valley. The 
continuation of this horizon is found on the farm Naauwpoort (214), and commences with a kranz 
bounding a dip-slope similar to that on the other side of the stream just described. The apparent lateral 
displacement is here a little over two and a half miles. The hard shales higher up in the series form 
another convenient horizon for marking the position of this fault, where it is practically the same as 
above. The trend of the fault is N. 25° W. — S. 25° E., and follows roughly the course of the spruit 
flowing in that direction from Naauwpoort. On the farm Olifantspoort (253), on the left bank of the 
stream and overlooking it, is a ridge of high ground consisting of a disintegrated composite rock, 
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IX.— tHE MAGNEiSITE DEPOSITS OF MALULANE: 



By A. L. Hall (Geologist). 



I. Introduction. 

The deposits, which form the subject of the following notes, are situated some two miles south 
of Dixon's Siding between the stations of Kaapmuiden and Malelane on the Eastern Railway line. 

Previous to their discovery, occurrences of magnesite in workable quantities were not known 
in this country, so that the development of these deposits near Malelane forms the first attempt at 
establishing a local cement industry based on the use of magnesian compounds.* 

2. Geological Relationships. 

The rocks, with which the magnesite is associated, belong to the series of granitic and crystalline 
schist formations of the Swaziland System, which, from the base of the Black Reef Series eastwards, 
occupies the Low Country of the Eastern Transvaal. The principal formation is the older or grey granite, 
and the scenery met with near Malelane is characteristic of that usually seen over extensive granite 
areas •, large tracts of gently undulating and well wooded country, relieved by not very conspicuous 
granite kopjes, alternate, as near Crocodile Poort, with more markedly hilly ground, showing the familiar 
large rounded blocks of coarse grey granite. Here and there patches of well defined schistose and slaty 
rocks appear, and these in places give way to basic igneous rocks of varying character. 

Such an arrangement of formations is illustrated by the geological relationships of the magnesite 
deposits here found. Near Kaapmuiden granite constitutes the principal country rock, but about four 
miles to the east, in the neighbourhood of the siding of Rockvale — schistose and slaty beds replace the 
granite and are still in evidence near Dixon's Siding, from which point a mono-rail leaves for the mine. 
Along this rail for about one to one and a half miles good outcrops of schists are noticed, which strike 
from S.E. to S.S.E. These are succeeded by a massive medium grained basic rock, which finally gives 
place to a more or less completely serp)entinised olivine-bearing type. It is this last formation which 
forms the country rock of the magnesite. 

The exact nature of the relationship between these rocks is, however, obscure. 

The country rock of the magnesite forms a belt of serpentine, at least three miles wide, 
striking roughly S.E and N.N.W, and at three different points, known respectively as the Eastern, 
Central, and Western, or No. III. Section, magnesite deposits have been opened up, though this rock is by 
no means restricted to these three localities, and may occur in greater or lesser quantity anywhere within 
the serpentine belt. No definite principle can apparently be established which would control the 
distribution of the magnesite. 

3. Nature and Mode of Occurrence of the Magnesite. 

Not much development has so farf been done in the Eastern Section, but the Central and 
Western Sections have been well opened up along several levels, and the relationship between the 
magnesite arid the country rock can be clearly seen. The Central Section lies on the slope of a hill, 
rising close to the termination of the mono-rail : the highest point of this hill is some 400 feet above the 

•The writer gratefully ftckiiowh^li^cs tlu* court esy •<hnwii him by Mr. Peiiiiiijrer. the (Jenenil Mftiinger, in jiiviuj; every fft<'ility for 
examining the»e mines. 
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level of Dixon's Siding, and comparisons made with reference to the uppermost of these levels shows 
the magnesite to extend to a depth of at least 95 feet, though it will appear from subsequent discussion, 
that a limit must sooner or later be reached in the vertical extension of the magnesite. 

'.J\ y!iThe most striking featmre presented by the drives of the Central Section is the absence of any 
principle controlling the mode of occurrence and the distribution of the magnesite. This is found in the 
form of countless thin white veins traversing the greenish red mottled serpentine in all directions. In 
thickness these veins vary from three to four feet down to mere leaf-like films, but veins from two to 
six inches across are by far the most common. In some drives the veins appear like horizontally bedded 
sheets; in others they are highly inclined, but nowhere do the magnesite deposits follow a general direction 
for any distance, and it is a common experience to find the veins changing from a horizontal to a vertical 
arrangement over a space of a few y^rds. Sometimes, if only a small area is examined, one receives 
the impression of a rough parallelism among neighbouring veins, but a more extended examination 
shows that they really follow an irregular and somewhat tortuous course (see Plate XIX.). In places 
one can distinguish two sets of veins, one set of more or less horizontal deposits being intersected by 
vertical veins. It is usually found that thick veins, measuring two to four feet across, are highly 
inclined, and more regular and persistent in their distribution than the thinner and more horizontal. 
An excellent illustration of this point (see Plate XX.) can be seen in the main opening of No. III. Western 
Section. Here a striking wall-like mass of very pure magnesite, 4 feet in thickness, and dipping about 
70 degrees towards the west, has been opened up. This portion of the mine furnishes practically the 
only instance, where it has been possible to rely with any degree of certainty on the position of the 
" reef " for the purposes of underground mining : many instances having occurred, where the following 
up and location of any particular vein in the process of underground development has not been attended 
with conspicuous success. 

It is therefore clear that the conditions of mining are peculiar, owing to the very uncertain and 
irregular distribution of the magnesite. 

The first impression made by a study of the various workings is that a sharp line of separation 
exists between country rock (serpentine) and magnesite. This is due to the extraordinarity brilliant 
appearance of the latter. The pure carbonate has a snow-white colour, which in the bright sunshine 
gives rise to an almost blinding effect, further accentuated by the all-pervading impalpable white dust, 
which invariably accompanies the quarrying operations. On closely examining the outcrops, however, 
it appears that the magnesite forms in reality a complicated network of anastomosing veins and minute 
branches, so that it is very difficult to obtain a fragment of serpentine quite free from veinletsof magnesite. 
Sometimes even microscopic examination reveals the presence of such minute veins in apparently quite 
fresh serpentine. 

Petrographically the magnesite forms a somewhat soft, perfectly white rock, closely resembling 
unglazed china clay ; the harder varieties have a stony character, leave no dust when handled, and 
permit of being easily trimmed under the hammer. This variety occurs in its purest form in the Western 
Section (see Plate XX.). When the rock becomes softer, as is generally the case over the Central Section, 
it is more friable, readily marks the hand when touched, and easily falls to pieces under the hammer. 
At the entrance to one of the drives in the Central Section a thin vertical vein was found about four to 
six inches in thickness, and composed entirely of pure glassy-looking crystalline magnesite. No other 
occurrence of this form of the carbonate has been met with so far. 

Veins having the theoretical composition of pure magnesium carbonate are rarely found, and even 
the very pure portions almost invariably show minute quantities of foreign admixtures. As a rule 
there are found minute specks or small patches of serpentinous matter scattered through the rock, or 
else the magnesite locally may assume a cellular appearance owing to the presence of very small cavities, 
lined with minute, but well developed, crystals of quartz. Very often the line of separation between 
the magnesite and the country rock is emphasised by a thin continuous film of apparently secondarj^ 
silica. This is a matter of great importance, as will be evident when we come to consider the origin of 
the magnesite. 

It is not surprising to find associated with the magnesite certain other minerals rich in-fnagnesium 
— such as asbestos, talc, and tremolite ; one drive in the Central Section presents an interesting case of 
the gradual passage of serpentine into asbestos. 
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4. Analysis of the Magnesite. 

The following analysis was made in the Laboratory of the Geological Survey from a very pure 
sample of magnesite obtained at No. III. Western Section ; the specific gravity of the rock was 
determined as 2 '05. 

Analysis of Magnesite, 



MgO 

CO, 

SiO, 

CaO 

FciO, 

Moisture (no °C) 



45*272 per cent. 
49- 80 
2-30 



0'8o 
0'i6 

98 332 



»> 



>♦ 



n 



In order to show more clearly the composition of this rock, the above data may be put into the 
following form : — 





Peroeiita'.'o Aimlvsis. 


MolccnU's. 


Magnesite. 


Quartz. 


Hajmatite. 


Hvdrat^d Iron-( 


MgO .. 


.. 45*272 


113*20 


II3-2 








CO, .. 


49-80 


113-20 


1 13 -2 








SiO, .. 


2-30 


3-«3 




3-83 






Fe.O, .. 


•80 


•50 






•21 


•29 


H,0 .. 


•16 


•88 








•88 




98-332 


231-61 


226*4 


3-83 


•21 


1-17 


The percentages of the constituenl minerals 


work out as 


follows :- 


« 






Magnesite 


• • 


* • . . 


» • 


•• 97*75 






Ouartz 


• • 


• • ■ • 


• • 


1-65 






Haematite 


• ■ 


• « • . 


• • 


•21 






Ferric Hydrate 


• » 


• . • • 


■ • 


•50 

100- II 





5. The Serpentine. 

The country rock, in which the magnesite occurs, is a fairly typical serpentine, and from the 
occasional presence of olivine in varying quantities, it is clear that it was derived from a type containing 
this mineral as an original constituent. The serpentine has the characteristic mottled greenish-red 
appearance ; it is rather soft and freely traversed by thin veins of hydrated iron-ore and magnetite. 
Thin streaks of magnesite are not uncommon. Decomposition has proceeded to some depth, and 
perfectly fresh specimens are rare ; where the rock has been very long exposed to weathering influences, 
it is coated by a dirty brown layer of decomposition products up to two inches in thickness. Before 
proceeding to discuss the origin of the magnesite, it is necessary to consider the chemical nature of the 
conn tiy' rock. The following analysis, made in the laboratory of the Geological Survey, represents the 
composition of the serpentine taken as fresh as possible from the third level in the Central Works : — 



SiO, 
MgO 
Fe,0, 
COj 

Water (ignition) 



Analysis of Serpentine. Sp.gr. 2*809 



37'75 per cent, 
42*29 
12*00 
1*8 

5*7 



W54 
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Several interesting results follow from this analysis. Taking the now generally accepted forniLTLila 
for serpentine as 2H,0, 3MgO, 2SiO,, and assuming that all the magnesia present occurs in the foxm 
of serpentine, 42-29 per cent, of magnesium oxide would require 12*68 per cent, of water, and since tiliis 
is considerably in excess of the quantity actually present, it follows that some of the magnesium ox:ide 
must be present in the non-hydrated condition. Then again the presence of i -8 per cent, of carbcun- 
dioxide points to another secondary change of the original rock. A thin section made from the sa. 'ame 
specimen showed a considerable quantity of oHvine, in addition to much serpentine. Two delicate veins 
of magnesite were found, and a certain amount of magnetite. All the crystals of olivine were broken 
up by a network of serpentine, recalling the familiar mesh-structure so commonly associated with t ^e 
process of serpentinisation. 

The bulk analysis just given may be used for estimating the relative quantities of the sever-^^ 
constituent minerals in accordance with the following table : — 

Serpentine. Olivine. Magnesite. Mairnetite Oiiartz 

Molecules. 2H.0 8MgO 2MgO MgO ^2?"^ ^2fn 

28iO, SiO,. CO, **>"* "*"«• 

5iO, 37 75 62 -91 31 -6 27 15 — — 4 -16 

MgO 42-29 105-70 47-4 54-3 400 — — 

Fe,Oj 12-00 8-00 — — — — — 

^^fi, (9-95) (5-17) _ — _ (5.17) _ 

HjO 5 -7 31 60 31 .6 — — — — 

COj 1-8 4 00 — — 4-00 — — 

109-49 217-38 no -6 81-45 80 5-17 4-16 



wu 



The above investigations show that after all the magnesia has been used up in forming 
serpentine, olivine, and magnesite, a small quantity of silica remains as free quartz. The presence of 
this mineral in a serpentine is very unusual, but it must be borne in mind that some of the ferro-magnesian 
portion of the fresh rock has been destroyed during the formation of the minute magnesite veins, and, 
moreover, a very small amount of free quartz was observable in the thin section ; the occurrence of 
considerable quantities of small crystals of quartz hning tlie cavities and pores often found in the 
magnesite was already referred to above. Some uncertainty exists as to the correct interpretation of the 
12 -00 per cent, of ferric-oxide shown in the bulk analysis. Slight indications of the presence of iron- 
protoxide were found, but the quantity was insufficient for estimation. It is probable that the olivine 
is not pure magnesium silicate, but contains a slight admixture of fayalite, the iron-olivineof the com- 
position 2FeO, SiOj. Since magnetite was met with in the thin section in fair quantity, the bulk of the 
iron must be present as F3 0^,and this fact has been assumed in the above table. Thus the country 
rock has the following approximate mineralogical composition : — 





Per cent 


Sp. gravity 


Serpentine 

Olivine 

Magnesite 

Magnetite 

Quartz . . . . . . 


. . 52-8 

. . 38 -90 

. . 3-82 

. . 2-47 
1-98 

99.97 


• • 2-54 

• • 3 30 

• • 2-95 
.. 5-10 
• . 2-65 



A consideration of specific gravities furthermore shows that the composition just given must 
approximate very closely to the truth. Using the specific gravities above given, we obtain that of the 
whole rock by means of the following relation : — 

100 52 -8 38 -9 3 -82 2 '47 I -98 

— = + + + + 

s 2-54 3-3 2-95 5-1 2-65 

where s = specific gravity of the country rock. Thus ** s " works out as 2 -840, whereas actual determination 
gave 2 -806. 
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6. Mode of Origin of the Magnesite. 

AH appearances undoubtedly point to the conclusion that the magnesite has been derived from 
the serpentine by a process of secondary change through the agency of meteoric waters carrying carbon- 
dioxide in solution. Evidence from several points of view can be adduced in support of this contention. 

In the first place the magnesite never occurs along horizons which bear any definite relationship 
to the country rock. The veins occur almost anyhow and anywhere within the serpentine ; there is 
no regularity in their distribution, some being horizontal, others vertical, and their mode of occurrence 
seems quite accidental. It is true that a few of the thicker vertical veins have a tendency to persist 
over greater distances, and their striated and polished foot and hanging walls appear to indicate some 
movement due to faulting. Though not very much develo})ment has been reached, it is already clear 
that, from a broad point of view, these thicker and highly inclined veins are not so regular as one might 
at first sight be inclined to believe. Even if faulting has taken place to any extent it has only done so locally, 
on asmall scale, and after the formation of the veins. Olivine is a brittle mineral, usually showing a 
network of irregular cracks, and the analogous distribution of the magnesite veins is highly suggestive of a 
decomposition product, produced by the agency of circulating underground water. 

In the second place all the constituents present in the magnesite can be supplied from the 
serpentine, with the exception of carbon-dioxide, which, howe\'er, forms an invariable constituent of 
underground waters. 

In the third place the chemical changes involved in the alteration of olivine or serpentine into 
magnesite are those characteristic of reactions, which occur in the belt of weathering above the level 
of permanent ground water.* 

It is immaterial whether one starts with olivine or serpentine, the final result is the same, but for 
the sake of completeness both types of changes may be considered. 

Taking the serpentine molecule as 2HjO, jMgO, 2SiO, , or H^ Mg, Si,Og, the following reaction 
represents the passage of this mineral into magnesite : — 

Serpentine. Magnesite. Quartz. 

H,Mg,Si,0, + 3CO, = 3MgC03 + 2SiO, + 2H,0. 

Assuming the silica produced to ha\'e remained in situ, this decomposition represents an increase 
in volume of 18 -90 per cent. 

If, instead of assuming the presence of serpentine as such, we start with its parent mineral olivine, 
the corresponding change may be written thus : — 

Olivine. Serpentine. Magnesite. 

2Mg, SiO, + CO, + 2H,0 = H,Mg3Si,03 + Mg CO3. 

Hence the formation of serpentine and magnesite represents an increase in volume of 32*78 
per cent. In case the olivine contains an appreciable quantity of iron, the latter would separate out 
as magnetite. 

Without pursuing this subject any further it is clear that the above reactions are essentially those 
of hydration, carbonation, and oxidation, all involving an increase of volume. Thus they are 
characteristic of the belt of weathering, and cannot take place at any great depth, since the superin- 
cumbent pressure would prevent reactions taking place in the direction of increase in volume. 

It was seen, while discussing the nature of the magnesite and the serpentine, that the minerals 
represented in the above reactions are to be met with on the ground, thus the formation of free silica 
is proved by the presence of fresh quartz crystals in the magnesite, and even in thin sections of the ser- 
pentine the initial stages of this change were noticeable. 

Summarising the abo\'e results the mode of origin of the magnesite may be thus briefly" stated. 
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FROM. 


wo. IN COLI.ECTION. DESCRIPTION. 


locality. 


T. W. Beckett .. 


. . IV. 316 


. . Apatite crystal . . 


Zoutpansherg. 


H. J. Coxwain . . 


. . IV. 306 


. . Copper ore 


Enkeldoorn. 


J. Dampier Green 


. . IV. 330 


. . Antimony ores . . 


Zoodorst (76), Steynsdorp. 


E. P. Grant 


. . IV. 341 


. . Cassiterite matrix 


Waterberg. . 


P. J. Grobler . . 


. . IV. 300 


. . Cassiterite matrix 


Zwartkloof, Waterberg. 


Do. . . . 


. . IV. 301 


. . Cassiterite matrix 


Zandfontein, Waterberg. 


M. Garb& 


. . IV. 345 


. . Molybdenite 


Houtenbeek, Pretoria District. 


Do. . . . 


. . IV. 346 


. . Monazite 


Do., do. 


Do. . . . 


. . IV. 347 


. . Copper ores 


vStorm, Zoutpansherg. 


Do. . . . 


. . IV. 349 


. . Chalcopyrite 


Krokodil Kop. 


Do. . . . 


. . IV. 358 


Kimb^rlite 


Prieska, Cape Colony. 


J. Harington 


.. IV. 303 


. . Cassiterite 


Rooiberg, Waterberg. 


VV. M. Hudson .. 


. . IV. 322 


. . Graphite 


Zoutpansherg. 


S. Lange . . 


.. IV. 364 


. . Erubescite 


Enkeldoorn. 


H. Harvey 


. . IV. 331 . 


. Chromite with Opal . . 


Pretoria District. 


J. C. Mance 


. . IV. 411 


Hammer stone . . 


Gwelo, Rhodesia. 


F. Mitchell 


. . IV. 311 . 


. . Galena . . 


Rooikrans, Pretoria. 


H. McPhee 


. . IV. 335 . 


. . Graphite shale . . 


Zwartruggens, Rustenburg. 


D. M. Munro 


. . IV. 37^> . 


. Cassiterite 


Zaaiplaats, Waterberg. 


O. B. Neill 


. . IV. 410 . 


, . Native Gold and Anti- 
monite in Quartz 


Neill's Camp, Murchison Range 


G. Nielsou 


.. IV. 286 . 


. Antimonial ore . . 


Warmbaths, Waterberg. 


H. Nefdt 


. . IV. 382 . 


. White steatite . . 


Pretoria District. 


J. G. Pullen 


. . IV. 3(x) . 


. Antimonial ore . . 


Rooikrans, Pretoria. 


P. J. Potgieter .. 


. . IV. 302 , 


. Cassiterite 


Elandsfontein, Waterberg. 


E. vSchilz 


. . IV. 324 . 


. Masicot . . 


Carohna. 


J. A. Thorburn . . 


. . IV. 305 . 


. Monazite 


Houtenbeek, Pretoria. 


T. Thornton 


. . IV. 314 . 


. lycad ore. . 


Waterberg. 


Do. ... 


. . IV. 343 . 


. Cassiterite 


Rustenburg. 


W. Rorke 


. . IV. 372 . 


. Wolframite 


Essexvale, Rhodesia. 


G. O. Strachan . . 


. . IV. 359 . 


. Auriferous rock 


Doornhoek, Lydenburg. 



The following were collected f)y the Director and Field Staff during the year and added to the Museum 
collection : — 



COLLECTED BY. NUMBER OF SPECIMEN. 

H. Kynaston (Director) . . A 244-A 313 . . 



E. T. Mellor 



Do. 
Do. 

A. L. Hall 
Do. 

Do. 

W. A. Humphrey 



B 501-B 650 



B 651-B 660 
B 662-B 880 

C 705-C 720 
C 721-C 793 

C 794-C 801 

D i-^oo 



DESCRIPTION. 

vSpecimens illustrating the older granites and schists between 

Pretoria and Johannesburg. 
Specimens illustrating the various igneous rocks, schists, and 

mineral veins from Haenertsburg, Leydsdorp, and the 

Murchison Range. 
Rocks from the neighbourhood of Vereeniging. 
Specimens illustrating the Waterberg System and the Cobalt 

Lodes in the central portion of the Middelburg District. 
Rock specimens from the Dwars River, Zoutpansherg. 
Specimens illustrating the geology of the northern portion of 

the Lydenburg District. 
Specimens illustrating magnesite and its mode of occurrence, 

Malelane. 
Specimens illustrating the geology of the neighbourhood of 

Belfast and Machadodorp, the Bushveld south of the 

Rooiberg and east of the Crocodile River, and the Pretoria 

Series south-east of Rustenburg. 



The collection of niicro-sections of rocks was increased by the addition of 378 specimens, the majority 
of which were cut and prepared in the Laboratory of the Geological vSurvey from the rock specimens collected 
by the Director and the geologists during the course of their field work. 



2. LIBRARY. 

United Kingdom — 

Summary of Progress of the Geological Survey for 1905. 

England and Wales — 

Memoirs of the Geological Survey, Nos. no, 123, 311, 346, 357, 360, 

Soils and Sub-soils of London and its Neighbourhood. 

The Water Supply of Suffolk. 

The Water Supply of East Riding, Yorkshire. 

Scotland — • 

Memoirs of the Geological Survey : — 
The Oil Shales of the lA)thians. 

Ireland — 

Memoirs of the (Geological Survey : — • 
The (Geology of Liinerick. 

AlTSTRAI.IA. 

Victoria—^ 

(Geological Survey, Memoir No. 4. 

Bulletin No. 19. 



>» >> 



Western Australia— 

(Geological Survey, Annual Progress Report for 1905. 

Bulletins Nos. 21. 22, 23. 



>> ii 



New Zealand. 
(Geological Survey, Bulletin No. 2. 

Asia. 
India — 

Geological Survey : — 

Records, Yol. XXXIIL. Nos. i, 2, 3, 4. 
Vol. XXXIV., Nos. i, 2, 3, 4. 
Memoirs. PaLxontologia Indica, Yol. V., Nos. i, 2, 3. 

Mysore Geological Survey : — 

Records, Yol. Y. 
Memoirs, Yol. IIL, Part I. 

SoiTTH Africa. 
'Transvaal — 

Transactions of the (Geological Society of South Africa. 

Cape of Good Hope — 

Annals of the South African Museum. 
Annual Report of the Geological Commission, 1905. 
Natal -^ 

Third and Final Report of the (Geological Survey of Natal and Zululand. 

Rhodesia — 

I*ourth Annual Report of the Rhodesia Museum for i()05. 
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United States of America. 

Geological Survey : — ^Twenty-sixth Annual Report, 1905. 

Mineral Resources of the United States, 1904. 

Professional Papers : — 

No. 40. Triassic Cephalopod Genera of America. 

41. Geology of Central Copper River Region, Alaska. 

42. Geology of Tonopah Mining District, Nevada. 

43. Copper Deposits of Clifton-Morenci District, Arizona. 

44. Underground Water Resources of Long Island, New York. 

45. Geography and Geology of Alaska. 

47. Tertiary and Quaternary Pectens of California. 

48. Report on Coal Tests, I*arts I. and II. 

49. Cumberland Gap Coal-field. 

50. Montana Lobe of the Keewantin Ice Sheet. 

51. Geology of the Bighorn Mountains. 
55. Ore Deposits of the Silver Peak Quadrangle, Nevada. 



»> 

5> 



Bulletin : — • 

No. 265. Geology of the Boulder District, Colorado. 

266. Malone Jurassic Formation of Texas. 

267. Copper Deposits of Missouri. 

268. Miocene Kormanifera from the Monterey Shale of California. 

269. Do. do. do. do 

270. Configuration of the Rock Floor of Greater New York. 

271. Bibliography and Index of North American Geolog>'. 

272. Taconic I^hysiography. 

273. Drumlins of South -Eastern Wisconsin. 

274. Dictionar>^ of Altitudes in the United States. 

275. Slate Deposits and Slate Industry of the United States. 

276. Primary Triangulation and Primary Traverse. 

277. Mineral Resources of Kenai Peninsula, Alaska. 

278. Geolog\^ and Coal Resources of the Cape Lisburn Region, Alaiska. 

280. The Rampart Gold Placer Region, Alaska. 

281. Results of Spirit Leveling in the State of New York. 

282. Oil Fields of the Texas-Louisiana Gulf, Coastal Plain. 

283. Geology and Mineral Resources of Mississippi. 

284. Report on Progress of Investigations of Mineral Resources of Alaska. 

285. Contributions to Economic Geology, 1905. 

288. Results of vSpirit Leveling in Pennsylvania for the years 1899-1905. 
28Q. A Reccmnaissance of the Matanuska Coal-field, Alaska. 

290. Preliminary Report of the Operations of the Fuel Testing Plant of the United 
States Geological vSurvey at vSt. Louis, Mo., 19*05. 

291. A Gazetteer of Colorado. 

292. The Bryozoan P'auna of the Rochester Shale. 

293. Reconnaissance of some Gold and Tin Deposits of the Southern Appa- 
lachians. 

298. Record of Deep- well Drilling for ic.05. 

301. Bibliography and Index of North American Geology, Palaeontology, Petro- 
logy and Mineralogy. 

Water Supply and Irrigation Papers : — 

No. 119. Index to Hydrographic Progress Reports, 1888-1903. 

120. Bibliographic Review and Index of Papers relating to Underground Waters. 

121. Pollution of Lake Champlain. 

122. Relation of Law to Underground Waters. 

123. Geolog>^ and Underground Water Conditions of the Joumada Del Muerto, 
New Mexico. 

124. Progress of Stream Measurement, 1904, Part I. 

X2^. ., ,r 1? «? Xi. 

A^'./. ,. •« •, ?» XiX. 



)> 
»> 

>> 

J? 
)> 
J J 
>> 
>J 
>J 
>> 
>) 

1» 

? 1 
>> 
>) 

>5 
1» 






127. 



IV. 



J. 20. ,, ,, ») J? » 



19 



140 



Geological Survey of Scotland — 
Sheets i6 and 17. 

Geological Survey of Ireland — 

Belfast District. 
Cork District. 
Sheet 112, Dublin. 



Geological Survey of Victoria. 

„ ,, South Australia. 

,, ,, Queensland. 

„ „ Western Australia. 



Australia 



Canada. 



Geological Survey of Canada — 

Sheets 59 to 65. 
74 to 76. 
82 and 83. 







ifc^K.-" 



L.= Valley of Ihe Lelaba. 
M.^ „ ., Malblapit, 
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Geological Survey of Scotland — 
Sheets i6 and 17. 

Geological Survey of Ireland — 

Belfast District. 
Cork District. 
Sheet 112, Dublin. 



Geological Sun^ey of Victoria. 

„ ,, South Australia. 

„ ,, Queensland. 

„ „ Western Australia. 



Australia . 



Canada. 



Geological Survey of Canada — 

Sheets 59 to 65. 
74 to 76. 
82 and 83. 
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A REEF HORIZON. 






j Dolomite, fanlie-i. will 
I ThclB Reef nl Tanalile 

(iklitliK lulow the base 
of Prt'tona St;rie». 




PLATE XXVri 



GENERALISED SUCCESSION OF STRATA NEAR THE HORIZON OF THE THETA REEF 
IN THE CLEWER MINE. PILGRIMS REST. 



w. 








- Shales uf Pretoria Series. 

- Doeu of I'l-uinvin Berics. 

l>cctiiii|>oseii Uotomite. Cliert ami 
UIacIe Uaugaiieae Earth, 
20 Ui no feet ihick. 

I liitnisive Sheet <if DiaUkM. 
\ U t<i 4(1 red thick. 

- Vurj lliiu Quartiuse ludicotor. 

- Dolomite, S Hi 20 feet thick. 

Top KeeC, B to 21 iuches tl.iek. 
Dolomite, a few Eeet thick. 

- Thill Bottom llcef, usual!; uot iiajablc. 



PLATE XXVIII 



SECTION ACROSS THE BASE OF THE PRETORIA SERIES ON FRANKFORT (456). 
SHEWING THE POSITION OF BEVETS REEF. 




'M&ri^mMf. 



RIVER VALLEY. 



;. 7. Dolomite. S. Black Heat Suriu^. :l. OUlcr lira 



TO THE PEACH TREE MINE. 
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PLATE XXX. 
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Kite. 6. CoDglomerate. 



J MtLCS. 



S6'E. 



AAL System, Rustenburq District. 
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PLATEXWI 
PORTIONS OF PRETORIA AND WI TWATERSRAND DISTRICTS. 
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PLATE XXXVI 

PORTIONS OF PRETORIA, RUSTENBURQ AND WATERBERQ DISTRICTS. 




Index to Geological Signs and Colours. 
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PLATE XKXVH. 
PORTtONS OF RUSTENBURQ AND WITWATERSRAND DISTRICTS. 
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